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SECTION I. INTRODUCTION 
\ 
This document presents the vibration, acoustic, and shock design and test & 
4 
criteria for components and subassemblies on the Space Shuttle solid rocket bmster 
(SRB), lightweight tank (LWT), and main engine (SSME). Also presented are speci- 
fications for transportation, handling, and acceptance testing. Subzones (general 
specifications) are presented for all locations. The qeneral configuration of the 
Shuttle is shown in Figure 1. Specifications are Ass presented for some specific 
components and subassemblies. 
The specifications cannot provide all the inform?tion necessary far qualification 
testing of each individual cosponent and subassembly. Consequently, this document 
must be used under the cognizance of qualified dynamics and test engineers. The 
originating agency, ED23, will assist in the proper use of these specifications. 
SECTION 11. VIBRATION AND SHOCK QUALlr'ICATION TEST 
REQUIREMENTS AND PROCEDURES 
The following requ.irements and procedures apply only to qualification testing: 
A .  Specimen 
The specimens will be production components in accordance with current manu- 
facturing drawings. Supporting brackets and component attachfient hardware (lines, 
valves, etc.) will be included in aU tests to achieve dynamic similarity to actual 
installation. Hardware so included in the test setup is  considered part  of the t e s ~  
specimen. 
B .  Fixture 
The fixture will support the specimen in the manner simulating actual installa- 
tion. The fixture will be designed to minimize fixture response at resonances within 
the test frequency range. 
The fixture design and specimen installation should be approlWed by responsible 
dynamics and test engineers prior to testing. 
C .  Test Specimen and Fixture Resonance Surl'ey 
A sin~soidal resonance survey test is recommended in the fixture and instru- 
mentation diagnostics process and in developmental testing. T h e  recommended sweep 
rate is 1 octimin from 5 to 2000 to 5 H z  a t  the following amplitudes: 
5 - 62  H z  @ 0.0050 in. D .  A .  Disp. 
. . 62 - 2000 H z  @ 1 . 0  G ' s  peak 
D.  Test Amplitude 
All component test amplitudes wil l  be applied a s  inputs to the componmt 
, bracketry at  the interface of the bracketry and the test fixture. The inp.a=will 
be applied along each of three ml~tually perpendicular axes as referenced to the 
interface of the component and the vehicle primary structure. The control acceler- 
ometer will be mounted on the test fixture at the point where the test specimen or  
- specimen supporting bracketry attaches to the test fixture. 
E .  Test Sequence 
The qualification testing order for the components will be: 
t, 
a Acceptance Vibration Test (v;iien required) (Section V) 
Flight Random Vibration Test (SRB Motor Case, N\~zzle, and SSME) 
Lift-off Random Vibration Test 
8 Boost Random Vibration Test 
8 Reentry Random Vibration Test (SRB components when specified) 
8 Vehicle Dynamics Test (SRB and ET) 
8 Shock Test 
Acoustic Test (when specified) 
8 Transportation and Handling Tests (when specified) 
Acceptance testing, when required, should be completed in all three axes prior 
to any other qualification testing. All random vibration, vehicle dynamics, and shock 
testing should be completed in one axis before proceeding to the next. When shock 
testing is performed on separate test equipment, all vibration testing will be com- 
pleted prior to shock testing. 
. 
F . Functional Performance 
Specimens that function in the dynamic environment will perform ;o their 
functional specifications prior to, during, and after each qualification test. 
G .  Random Vibration Tests 
Test equipment equalization will be accomplished by eithel. of the following 
methods : 
8 Obtaining initial equalization by using actual test specimens and reduced 
vibration inputs. Fina! equalization will then be obtained by applyllg short 
duration excitation to the specimen at the specified test amplitudes. 
8 Subjecting a mass simulated dummy component to the specified test inputs 
as in the above method. After equalization, the dummy component will be 
replaced by the actual component, and equalization verified by applying 
short duration excitation at the specified test amplitudes. 
Test amplitudes and durations are p r o  -led in the applicable specifications. Test 
setup and equalization times should be minimized. Neither of these time durations 
will be considered part of the specifi,?d test dw-ation. 
I 
A H .  Vehicle Dyr~amics Test 
9 
Test amplitudes are provided in the 41pplicable specifications. The specified 
frequency spectr~in will be swept logarithmically at the rate of 3 octlmin as described 
below : 
-& 8 Single Mission - Sweep from the low frequency to the high frequency one 
time in each of the vheicle axes. 
8 20 Missions - Sweep from the low frequency to the high frequency to the 
low frequency two times in each of the vehicle axes. 
1. Shock Test 
i 
\ Shock pulses or spectra are stated for each specification. 
When two shock 
criteria are specified for a component, only the maximum shock spectrum should be 
1 used. Any pulse that reesults in a spectrum within the test tolerances at every fre- . 
quency of the specified shock spectrum is acceptable. Either mechanical or ordnance 
; . *  shock testing is acceptable. During mechanical shock testing, the test specimen will 
be subjected to two shocks per mission in each axis (equivalent to one in each direc- 
tion) for a total of six shocks per mission. During ordnance shock testing, the 
specimen will be subjected to one shock per mission, which must satisfy the applicable 
specifications in at least one axis. 
J . Combined Environments 
Vibration, shock, and acoustic testing under various combined environments 
will be specified when required, by the responsible IMarshall Space Flight Center 
. (MSFC) organization. 
K .  Test Tolerances 
The test spectra shall be verified by narrow band spectral analysis using an 
analysis system that is independent from the analyzerlequalizer used to control the 
test. Tolerances considered acceptable are as follows: 
Vibration 
Composite Root Mean Square Acceleration 210% 
Acceleration Spectral Density +loo% 
(Tolerances pertain to bandwidths of 25 Hz  or less) - 30% 
Sinusoidal Peak Acceleration 




Spectrum Peak Acceleration +40% 
(When analyzed with a 113 octave shock spectrum -20% 
analyzer and 5 percent damping. ) 
a Shock Pulse 
Amplitude 
Duration 
Pulse Overshoot (Water Impact) 
L . Failure Determination 
A specimen will be considered to have failed a particular test if the specimen 
malfunctions during or after the test ,  or if post-test prescribed inspection reveals 
structural damage. All test failures will be reported immediately to the originating 
agency (ED23).  
M . Deviations From Specifications 
Deviations from these specifications may be obtained only from the originating 
agency (ED23).  All deviations will be stated in the test repcrt. 
N .  Test Reports 
A report will be submitted to the originating agency by the testing agency 
describing in detail the tests performed and the results of the tests. The report 
will include drawirigs , sketches, and photographs, showing in detail all measurement 
locations. The report will include all calibration and xeasured test levels and any 
other information pertinent to the acquisition, reduction, analysis, and interpretation 
of the test data. Equalization levels and. durati~rls ;"ill be included. 
Progress reports will be provided to the originating agency as requested. 
SECTION 111. SELECTION OF APPLICABLE VIBRATION AND SHOCK 
SPECIFICATIONS FOR STRUCTURALLY MOUNTED COMPONENTS 
The selection of the correct qualification specification is essential in developing 
confidence and reliability in the component. The following general discussion should 
be considered before making such a selection. 
A zonal technique has been used in generating and presenting the qualification 
specifications. Using this technique, the Space Shuttle SRB has been divided into 
zones and subzones (Figures 1 and 2 ,  Appendix A) a s  determined by the responsible 
MSFC organization. Where applicable, each subzone was further divided into subzone 
weight ranges or major components. 
Three distinct types of component and subassembly qualification specificatiorls 
are presented : 
0 Subzones (General Specifications) 
Subzone Weight Ranges 
Specific Compoi? ent Specifications 
A subzone (General Specifications) pertains to all components and subassemblies 
mounted on a particular type of structure. These specifications are labeled "General" 
because they are applicable to all components and subsssembli;.~ in that subzone. 
General Specifications are based on the vibration environment for all structures 
. within the subzones. Consequently, General Specifications usuaily result in more 
severe qualification specifications than weighted specifications. General specifications 
should be used only wheri Subzone Weight Ranges and Specific Component Specifica- 
tions cannet be used. 
Specifications fo?: s ~ b z o n e  weight ranges and major components have Seen deter- 
l~ined wherever prac4,ical. rhese specificatir~ns pertain to certain items (components, 
subassemblies, panels, etc.) located within a specific subzorie, and may be distin- 
guished by the absence of the notation "General Specifications" and the inclusion of 
a letter suffix ( -A ,  -By etc .) Lrl the specification number. Th,se specifications are 
based or, vibration environments for various types of local structurcs (skin, stringer, 
ringframe, panels, etc. ) . 
In general, specifications for individual components are based on the component's 
weight, location, artd mounting configuration and can be found in the appropriate 
subzone. Specifications for selected SRR and common ETISRB components are 
included in Appendixes B and C .  
The appropriate qualification specification may be determined for a particular 
component or  subassembly by the following procedure: 
Determine if a specific component specification exists; if not: 
Identify the zone in which the component or  nubassembly is located; 
a Within this zone determine the subzone in which the particular component : 
or subassembly is located ; 
a Identify the sub:zone specificatior~ corresponding to the weight of the 
component. 
SECTION IV. ACOUSTIC TEST REQUIREMENTS AND PROCEDURES 
A .  General Requirements 
All structures and components requiring acoustic testing will be subjected to 
. .. either broadband reverberant field or progressive wave testing. The acoustical 
' " 
random noise source for either type will have an approximate normal amplitude dis- 
, . 
tribution. Reverberant field testing is  preferred for both structures and compo~,ents. 
However, structural panels a s  well as  components may be tested using progressive 
wave facilities where this type of test is justified. 
B . Specification selection 
A zonal technique has Ixen used in generating and presenting the qualification 
specifications. Using this technique, the SRB has been divided into zones and sub- 
zones as shown in Figures 1 and 2, Appendix A .  Acoustic test specifications for 
each of these general zones are provided in Section VIII. 
The appropriate qualification specification can be determined by identifying the 
zone or subzone in which the component is  located. 
C .  Reverberation Chamber Facilities 
The test chamber will be of sufficient volume and dimensicns to ensure that I 
the insertion of test specimen vrill not affect the generation and maintenance of a 
broadband diffuse sound field above 50 Hz. Normally, the test specimen will be b 
suspended in the center of the test chamber with soft suspension cords. The 
suspension system will have a :.'undamental frequency of less than 25 H z .  
The sound field in the proximity of each major surface of any test specimen 
that will be subjected to external acoustic eriviroriments will be determined by either 
.. . flush mounted microphones or  tnicrophones mounted approximately 0.25 in. from the 
specimen surface. These microphones may serve as  the control measurements. When 
the placement of these microphones is  not feasible or will compromise the test results, 
at least three microphones located in the field will serve as  control measurements. 
These microphones will not be located in close proximity to any surface within the i 
test chamber. The control measurements, whether flush mounted or  field located, I 
will be averaged to determine the sound field. 
With the specimen in the test chamber, the sound pressure level spectr2m ..:'ill 
be shaped at a level approximately 6 dB less than the specification. The time 
required to shape the spectrum will be minimized to avoid possible overstressing of 
the test specimen. After completion of the spectrum shaping, the sound pressure 
level will be increased to the specified value, and the test will commence. As an 
alternative to reducing the sound pressure level while shapirig the spectrum, a 
dummy specimen may be positioned in the test chamber, and the spectrum shaped at 
the test level. When the spectrum shaping has been con~pleted, the dummy specimen 
will be replaced by the test specimen, and the test will commence. 
D . Prog~*essive Wave Facilities 
h, The structural panel specimens may be tested in progressive wave facilities. 
4 - The test specimen will be centrally mounted in ti1.3 wall of the progressive wave duct. 
The width of the wave duct will be of suffi: ?nt c!Sc;tance to ensure minimum effects 
a on the panel response characteristics. 
Components may be tested in progressive wave facilities. Tha specimen will be 
centrally located in the progressive wave duct and suspended by a system having a 
, 'a fundamental frequency of less than 25 Hz.  The cross section of the progressive 
wave duct will be of sufficient area, relative to the frontal area of the test specimen, 
.b to ensure that the insertion of the test specimen will not affect the generation and 
i~laintenance of the progressive wave. The test specimen will have each major surface 
exposed to the sourid field by orienting each major surface ~ara l le l  to the progressive 
wave front. Lsch major surface will be exposed to the so- d field for the full test 
duration. 
For both types of progressive wave testing, the sound pressure level spectrum 
will  be shaped without the test specimen in place. The uniformity of the sound field 
will be determined by locating at least three microphones in the proximity of the duct 
cross sectional plane where the test specimen will be mounted. After mounting the 
test specimen, the sound pressure level will  be reestablished, and the test will  
commence. Alternatively, for structural panel specimens, the sound pressure level 
may be shaped at a level 6 dB less that the specification. The time required to shape 
the spectrum will be minimired to avoid inadvertent overstressing. 
E . Tolerances 
The test time will be within plus 10 to minus . percent of the time stated in the 
specification. The overall sound pressure level and the individual 113 octa-~e band 
sound pressure levels will be within plus 2 to minus 2 dB of the specification. The 
sound pressure level tolerance applies to the frzquency range of 50 through 10,000 
H z .  
SECTION V. ACCEPTANCE TEST REQUIREMEN' o AND PROCEDURES 
'The requirement to do acceptance testing will be established for each program 
by the project manager. This document does not establish the requirement to do 
acceptance testing; however, it does give the acceptance test levels to be used if 
acceptance testing is required. If acceptance testing is required on the flight 
hardware, it will also be required on the qualification hardware. Acceptance test 
levels will be 6 dB below the qualification composite level. 
Test procedures and tolerances will be the s m e  as specified in the appropriate 
sections of this document. 
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SECTION 11. VIBRATION SPECIFICATIONS 
Zone 6 SRB Nozzle and Aft Skirt 
Subzone 6-1 SRB Nozzle - Stations 1990-1830 (Ganeral Specifications) 
Same as  Subzont S-l-A below. 
Subzone 6-1-A Input to Components Mounted on the SRB Nozzle 
1. Acceptance Test Criteria (1 min /axis) 
Composite = 21 .8  grms 
2 .  Flight Random Vibration Criteria (4 min plus 2  rninlrnission in each axis) 
Composite = 43.6 grms 
C 
'C 
m 4  6-1-A (Cont.) 
3. Reent ry  Random Vibration Criteria (60 sec plus 30 seclmission in each axis) b 
- ,  
Radial Axis Long. and  Tang.  Axes 
2 0 -  50 Hz @ 0.27 g 2 1 ~ z  
50 - 120 Hz @ +12 dB Iwt 
120 - 200 Hz @ 9.12 g 2 / ~ z  
200 - 650 Hz @ -15 dB Ioct 
650 - 1400 Hz @ 0.031 g 2 1 ~ z  
1400 - 2000 Hz @ -6 dB Ioct 
2000 Hz @ 0.014 g 2 1 ~ z  
20 - 90 HZ @ 0.40 ~ ~ I H Z  
90 - 130 Hz @ +6 dB/oct 
130 - 180 HZ @ 0.80 ~ Z / H Z  
180 - 280 Hz @ -9 dB Ioct 
280 - 540 HZ @ 0.20 g21Hz 
540 - 800 Hz @ +12 dB1oct 
800 - 1400 HZ @ 1.00 g 2 / ~ ~  
1400 - 2000 Hz @ -9  dB Ioct 
2000 Hz @ 0.33 g 2 1 ~ z  
Composite = 38.0 g 
rms Composite = 36.0 gms 
4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral  Axes 
3.5 - 5 Hz @ 0.7 G1s peak* 
5 - 10 Hz @ 0.7 G1s peak 
10 - 40 Hz @ 1.0 G f s  peak 
5. Shock Test  Criteria ( 2  shockslaxis)  
See Tables 11, IX a n d  X .  
* Design Criteria Only 
2 - 5 Hz @ 2.0 G's peak* 
5 - i O  Hz B 0.5 G's peak  
10 - I,^  FIz @ 3.7 G's -2ak 
,; .'. 1 v 1 ,' 
. , $*+. I /' /' / ' /  . 
- t i  
.. !: Subzone 6- 2 SRB AFT Skirt - Stat ions  1930- 1837 (General  Specifications) 
t 
Same as Subzone 6-2-A below. 
Subzone 6-2-A I n p u t  t o  Components Mounted on t h e  SRB Aft S k i r t .  
Weight of Component <25 lb .  
1. Acceptance T e s t  Cr i t e r i a  (1 minlaxis)  
Radial Axis  Long. and T a n g .  Axes  
20 Hz @ 0.013 g21Hz 
20 - 110 Hz @ +6 d B  Ioct. 
110 - 200 Hz @ 0.38 g21Hz 
200 - 395 HZ @ -9 d B / ~ t  
395 - 800 HZ @ 0.050 ~ ~ I H z  
800 - 2000 Hz @ -6 d B  Ioct 
2000 Hz @ 0.0080 g 2 1 ~ z  
20 H Z  @ 0.011 ~ ~ I H Z  
20 - 30 Hz @ +6 dBIoct  
30 - 53 Hz @ 0.025 g21Hz 
53 - 150 Hz @ +6 dBloc t  
150 - 800 Hz @ 0.20 g21Hz 
800 - 2000 Hz @ -6 dB Ioct 
2000 Hz @ 0.032 g21Hz 
Composite = 10.9 grms Composite = 15.4 grms 
2. Lift-off Random Vibration Criterit; (5C sec p l u s  10 seclmission i n  e;ch ax i s )  
Radial Axis  Long. and Tang .  Axes  
20 H Z  @ 0.010 $/HZ 
20 - 100 Hz @ +6 d B  Ioct 
100 - 200 Hz @ 0.25 g2IHz 
200 - 280 HZ @ -12 d B  10ct 
280 - 1200 Hz @ 0.060 g 2 ~ ~ z  
1200 - 2000 Hz @ -3  d B  loct  
2000 Hz @ 0.036 g2IHz 
Composite = 11.6 grms Composite = 17.7 grms 
6-2-A (Cont . ) 
3. Boost Random Vibration Criteria (80 sec plus 40 seclmission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 16.8 grms Composite = 26.6 grms 
4.  Reentry Random Vibration Criteria (60 sec plus 30 seclmission in each axisi 
Radial Axis Long. and Tang. Axes 
Conposite = 21.9 grms Composite = 30.8 grms 
5. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Ayes 
- 5 - 5 Hz @ 0.7 G I s  peak* 
5 - 10  Hz @ 0.7 G ' s  peak 
10 - 40 Hz @ 1.0 G ' s  peak 
, 6. Shock Test Criteria ( 2  shocksiaxis) 
See Tables 111, IX  and X .  
* Design Criteria Only 
2 - 5 HA @ 2.0 G ' s  peak* 
5 - 10 Hz @ 0.5 G 1 s  peak 
10 - 40 H z  @ 3.7 G I s  peak 
1 Subzone 6-2-8 In u t  to Components Mounted on t h o  SRB Aft  S k i r t .  
&t<f Component - >25 b u t  <'i: Ib.
1. Acceptance T e s t  Cr i t e r i a  (1 miniaxis)  
Radial Axis Long. and T a n g .  .xes 
20 Hz B 0.013 g21Hz 
20 - 80 Hz @ +6 dB Ioct 
80 - 200 HZ @ 0.21 ~ Z / H Z  
200 - 395 HZ @ - 9  dB /u,: 
395 - 800 HZ @ 0.028 g 2 1 H ~  
800 - 2000 Hz @ -5 dB Ioct 
2000 Hz @ 0.0045 g21Hz 
Composite = 8.4 grms Composite = 11.5 grmS 
2. Lift-off Random 'Jibration Cri ter ia  (50 sec p l u s  10 seclmission in each a x i s )  
Radial Axis Long. a n d  Tang .  Axes  
20 H Z  @ 0.010 
20 - 75 HZ @ +6 \'S / ~ t  
75 - 200 Hz @ 0.14 g 2 / ~ z  
200 - 280 HZ @ -12 d B  1 0 ~ t  
280 - 1200 Hz @ 0.033 g Z / ~ z  
1200 - 2000 Hz @ - 3 dB Ioct 
2000 H Z  @ 0.020 
20 Hz @ 0.016 g 2 / ~ z  
20 - 140 Hz @ + 3  dB/oc t  
140 - 1000 Hz @ 0.11 g21Hz 
1000 - 2000 Hz @ -3  dB Ioct 
2000 Hz @ 0.055 g21Hz 
Composite = 8.8 grms Composite = 13.4 grmS 
3. Boost Random Vibraticn Cr i t e r i a  (80 sec  p l u s  40 seclmission in each ax i s )  
Radial Axis Long. a n d  T a n g .  Axes  
20 Hz @ 0.21 g 2 1 ~ z  
20 - 40 Hz @ +2 dB /act 
40 - 200 HZ < 0.33 g 2 l H ~  
200 - 335 Hz Cd - 9  dB Ioct 
335 - 1000 Hz @ 0.070 g 2 1 ~ z  
1000 - 2000 Hz @ -6 dBloc t  
2000 Hz @ 0.018 g 2 / ~ z  
Composite = 12.7 grmS Composite = 19.8 grms 
a b 
Subzone 6-2-C I n  ut to Components Mounted on t h e  SRB Aft Skir t .  
&f Component >75 ib. 
1 - 
"4 1. Acceptance Tes t  Cri ter ia  ( 1  minlaxio) 
J 
Radial Axis Long. and  Tang.  Axes 
20 Hz 0 0.013 ga lHz 20 - 29 Hz 0 0.0075 g%/Hz 
20 - 60 HZ (d +6 dB1oct 29 - 82 Hz 0 +6 dB Ioct 
60 - 200 HZ (d 0.11 82 - 800 Hz 0 0.060 galHz 
200 - 395 HZ 0 - 9  dB1oct 800 - 2000 Hz 0 -6 dB loct 
395 - 800 HZ 0 0.015 galHz 2000 HZ @ 0.0098 ga/Hz 
? ,  800 - 2000 HZ 0 -6 dB Ioct 
2000 Hz 0 0.0024 galHz 
Composite = 6.3 grms Composite = 8.6 gr,, 
. 2. Lift-off Random Vibration Cri ter ia  (50 sec p lus  10 seclmission in each cixis) 
Radial Axis Long. and  Tang.  Axes 
20 Hz @ 0.016 galHz 
20 - 75 Hz @ +3 d B  Ioct 
75 - 1000 HZ @ 0.060 ~ ~ I H Z  
1000 - 2000 Hz @ - 3 dB Ioct 
2000 Hz fl 0.030 g 2 1 ~ z  
Composite = 6.6 grms Composite = 10.0 grms 
3.  Boost Random Vibration Criteria (80 sec p lus  40 seclmission in  each axis) 
Radial Axis Long. and  Tang.  Axes 
Composite = 9.5 grm, 
- Composite -- 14.5 grms 
1 4.  Reentry Random Vibration Criteria (60 sec plus 30 seclmission in each axis) 
4 
I 
Radiai Axis Long. and Tang. Axes 
Composite = 12.6 grms 
5.  Vehicle Dynamics Criteria 
Longitudinal Axia 
3.5 - 5 :Iz 0 0.7 G I s  peak* 
5 - 10 H z  0 0 .7  G ' s  peak 
10 - 40 H z  @ 1.0 C 1 s  peak 
Composite = 17.2 grms 
Lateral Axes 
2 - 5 H z  0 2.0 G I s  peak* 
5 - 10 Hz @ 0.5 G 1 s  peak 
10 -. 40 H z  @ 3 . 7  G 1 s  peak 
6. Shock Test Criteria (2  shockslaxis) 
See Tables 111, IX and X .  
* Design Criteria Only 
! $ Zone 7 SRB Fuel Cyl inder  a n d  Bulkheads .  # 
0 
Subzone 7-1 SRB Aft Fuel Bulkhead - Stat ions  1875-1818 (General  Specifications) 
T Same a s  Subzone 7-1-A below. 
' r  
Subzone 7-1-A Inpu t  t o  Co~nponen ts  Mounted on  t h e  SRB Aft Fuel Bulkhead.  
i 1. Acceptance T e s t  Cr i t e l l a  ( 1  min laxis)  
t 
1 Direction A D i r e c t i o ~ ? ~  B a n d  C 
20 - 73 Hz @ 0.00017 g2 /Hz  20 - L Hz @0.0050  g 2 ~ ~ z  
73 - 170 Hz @ + I 5  dB/oc t  50 - 150 Hz @ + 3  dB1oct 
170 - 2000 Hz @ 0.012 g z l ~ z  150 - 5C0 Hz @ 0.015 g 2 1 ~ z  
500 - 2000 Hz @ -6 d B  ioct  
2000 Hz cd 0.00095 g 2 / d z  
Composite = 3.4 grms 
2. Flight Random Vibrat  ,n Cri ter ia  (4  min p l u s  2 minlmission in each  ax i s )  
20 - 50 Hz @ 0.020 g 2 / ~ z  
50 - 150 Hz @ +3 dB/oc t  
150 - 500 Hz 0 0.060 g21Hz 
500 - 2000 Hz @ -6 dB10ct 
2000 Hz @ 0.0038 g2/Hz 
Composite = 6.9 grms 
3. Reen t ry  Random Vibration Cri ter ia  (60 sec  p l u s  30 sec/mission in each axis;  
Direction A Directions B and C 
20 - 73 f' - @ C.00070 g 2 / ~ z  20 - 240 Hz @ 0.00094 g 2 i ~ z  
73 - 170 Hz @ +15 dB/oc t  240 - 700 Hz @ +9 d B  loct  
170 - 2000 Hz @ 0.050 g 2 / ~ z  700 - 1200 Hz CO 0.C24 g21Hz 
1200 - 2000 Hz @ - 9 d B  loct  
2000 Hz Ca 0.0051 g21Hz 
/ 
Composite -- 9.6 grms Composite - 5.0 grms 
I 
4.  Vehicle Dynamics Criteriz 
% 
a Longitu4inal Axis Lidera1 Axis 
- 4  3.5 - 5 Hz @ 1.0 G's peak* 
5 - 40 Hz 8 1.0 G's peak 
2 - 5 Hz @ 2.0 G's  peak* 
5 - 10 Hz @ 0.6 G's peak 
10 - 40 Hz @ 3.7 G's  peak 
5 .  Shock Test Criteria ( 2  shockslaxis) 
See Tables IV,  IX , and X 
Direction A - Perpendicular to Bulkhead 
Direction B - Tangential to Bulkhesd 
Direction C - Tangential to Bulkhead, Perpendicular to Direction B 
* Desigc Criteria Only 
Subzone 7-2 SRB Aft Fuel Cylinder - Stations 1837-1180. 
Subzone 7-2-1 SRB A f t  FLW! Cy~.<cr  - Stations 1837-1180 (General Specifications) 
Same as Subzone 7-2-1-A below. 
Subzone 7-2-1-A Input to Components Mounted on the SRB Aft Fuel Cylinder. 
1. Acceptance Test Criteria (1 minlaxis) 
Radial Axis Loyg. and Tang. Axes 
Composite = 17.6 grms Composite = 3.4 grms 
2. Flight Random Vibration Criteria ( 4  min plus 2 minlmission in each axis) 
Composite = 6.9 grms 
3. Reen:ry Randoa Vibration Criteria (60 sec plus 30 seclmissicn in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 35.2 grms Composite = 5.6 gmS 
.- 
- 
I . .  

Subzone 7-2-1-A Input to Components Mounted on the SRB Aft FWC Segments 
f Stations 1837 - 1180) 
1. Acceptawe Test Criteria ( 1 minute laxis) 
Radial Axis Long. and Tang. Axes 
Composite = 8.9 grms Composite = 6 . r  grms 
2. Flight Random Vibration ::riteria (4 mhufes glue 2 minuteslmission in each axis) 
All Axes 
20 - 50 t i7  id 0.047 g 2 1 ~ z  
50 - 221) F t  @ +:i dBIoct 
220 - 502 i iz  @ 0.20 g 2 1 ~ z  
500 - 2000 :Iz @ -7 dB 1 0 ~ t  
2008 Hz @ 0.009 g21Hz 
Composite = 12.0 grms 
3. Reentry Random Vibration Criteria (60 seconds plus 30 secondslmission in 
each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 17.8 grms Composite = 5.6 grms 
4. Vehicle Dyn~mics Criteria 
Longitudinal Axis 
- 
3.5 - 5 H z  @ 1.0 g ls  peak* 
5 - 40 H z  @ 1.0 g's peak 
~- , 
- 
5. Shock Test Criteria ( 2  shocks/axis) 
$ 
- =, 
...: S P ~  Tables IV ,  IX, and X .  
E 
*Design criteria orily 
Lateral Axes 
2 - 5 Hz @ 1.7 g l s  peak* 
5 - 10 H z  @ 0.6 gls  peak 
10 - 40 Hz @ 1.7 g l s  peak 
5 
Subzone 7-2-2 SRBIET Attach Ring at Station 1511 (General Specificatiens; r ? . t 
* Same as Subzone 7-2-2-A below. 
1 Subzone 7-2- 2-A Input to Components on the SRB /ET Attach Ring. 
. 
% . *  1. Acceptance Test Criteria (1  min/axis) 
i Radial and Tangential Axes hngitudinal Axis 
Compcsite = 6.4 grms Composite = 17.9 grms 
2. Lift-off Random Vibration Criteria (50 sec plus 10 seclmission in each axis) 
Radial and Tangential Axes Longitudinal Axis 
Composite = 6.9 grms Composite = 15.7 grms 
- 3. Boost Random Vibration Criteria (80 sec plus 40 seclmission in each axis) 
= 
z Radial and Tangential Axes Longitudinal Axis 
Composite = 12.1 grms Composite = 25.7 grms 
4. Reentry Random Vibration Criteria (60 sec plus 30 seclmission in each axis) 
Radial and Tangeiltial Axes Longitudinal Axis 
20 H z  @ 0.020 g 2 / ~ z  
20 - 120 Hz @ +6 dB ,'act 
120 - 200 HZ @ 0.38 ~ ~ I H Z  
200 - 375 Hz @ - 9  CB lcct 
375 - 2000 Hz @ 0.060 g 2 / ~ z  
Composite = 12.9 grms Composite = 35.8 grms 
5. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
3.5 - 5 Hz @ 1.0 G's peak* 
5 - 40 H z  @ 1.0 G's peak 
2 - 5 Hz @ 1.7 G 1 s  peak* 
5 - 1.0 Hz @ 0.6 G's peak 
10 - 40 Hz @ 1.7 G1s peak 
6. Shock Test Criteria ( 2  shocks/axis) 
See Tables IV, IX and X .  




Subzone 7- 3 SRB Forward Fuel Cyl inder  - Stat ions  1180-524 (General  
5 .; Specifications) 
11 
i .  
\ Same as Subzone 7-3-A below. 
1 ' Subzone 7-3-A I n p u t  t o  Components o n  t h e  SRB Forward Fue l  C y l k d e r .  
1. Acceptance T e s t  Cr i t e r i a  (1 min laxis)  
Radial Axis Long. a n d  T a n g .  Axes  
20 Hz @ 0.0014 g 2 1 ~ z  20 - 50 Hz @ 0.0050 g 2 / ~ z  
20 - 150 Hz @ +6 dB1oct 50 - 150 Hz @ +3 dB1oct 
150 - 280 Hz @ 0.080 g 2 / ~ z  150 - 500 Hz @ 0.015 g2/Hz 
280 - 2000 Hz @ - 10 d B  Ioct 500 - 2000 Hz @ -6 dB/oc t  
2000 Hz @ 0.00012 g 2 1 ~ z  2000 Hz @ 0.00095 g 2 / ~ z  
Composite = 4.8 grms Composite = 3.4 g 
rms 
2. Flight Random Vibration Cr i t e r i a  (4  min p l u s  2 minlmission i n  each ax i s )  
.. Composite = 6.9 grms 
3. Reen t ry  Random Vibration Cr i t e r i a  (60 sec  p l u s  30 sec/mission in each  ax i s )  
Radial Axis Long. a n d  T a n g .  Axes  
20 Hz @ 0.0055 g 2 / ~ z  23 Hz @ 0.0016 g 2 / ~ z  
20 - 150 Hz @ +6 d B  Ioct 20 - 80 Hz Ca +9 dB Ioct 
150 - 280 HZ @ 0.31 g 2 / ~ z  80 - 200 H Z  @ 0.11 g 2 ~ ~ ~  
280 - 2000 Hz  @ -10 dBIoc t  200 - 800 Hz @ -10 dB1oct 
2000 Hz @ 0.00050 g 2 l ~ z  800 - 2000 Hz @ 0.0053 g 2 1 ~ z  
Composite = 9.6 grms Composite = 5 . 3  grms 
\ * 4.  Vehicle Dynamics Criteria 
a Longitudinal Axis 
% . a  3.5 - 5 Hz @ 1.0 G 1 s  peak* 
5 - 40 Hz @ 1.0 G's peak 
5. Shock Test Criteria ( 2  shocks/axis) 
See Tables I V ,  I X  and X. 
* Design Criteria Only 
. 
Lateral Axes 
2 - 5 Hz @ 1.7 G I s  peak* 
5 - 10 Hz @ 0.6  G's peak 
10 - 40 Hz @ 1.7 G 1 s  peak 
. > ; i  
a 
- i Subzone 7-3-A Input to Components on the SRB Forward FWC Segments F b, (Stations 1180 - 524) 
-e 
1. Acceptance Test Criteria (1  minlaxis) 
r 
Composite = 6.0 grms 
2 .  Flight Random Criteria ( 4  min plus 2 minlmission in each axis) 
Composite - 12.0 grms 
3. Reentry Random Vibration Criteria (60 sec plus 30 seclmission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 9.0 g 
rms 
4. Vehicle Dynamics Criteria 
Longitudinal Axis 
3.5 - 5 H z  @ 1.0 G 1 s  peak* 
5 - 40 H z  @ 1.0 G 1 s  peak 
Composite = 7.5 grm, 
Lateral Axes 
2 - 5 H z  @ 1 .7  G1s  peak* 
5 - 10 H z  @ 0.6 G1s  peak 
10 - 40 Hz  @ 1 . 7  GIs peak 
5. Shock Test Criteria ( 2  shockslaxis) 
See Tables I V ,  I X ,  and X .  
* Design Criteria Only 
t i ~ b z o n e  7-4 SRB Forward  Fuel Bulkhead - Sta t ions  531-486 (General  , 
i. i Specifications) 
'b 
Same as Subzone 7-4-A below. 
I 
, .' 
Subzone 7-4-A I n p u t  to Components on  t h e  SRB Forward Fuel  Bulkhead.  
1. Acceptance T e s t  Cr i t e r i a  (1 min/axis)  
Direction A Directions B and C 
20 - 55 HZ @ 0.00018 g 2 i ~ z  20 - 50 Hz @ 0.0050 g 2 / ~ z  .. 
;I 55 - 200 Hz @ +12 d B  Ioct 50 - 150 Hz @ +3 dB/oc t  
200 - 300 HZ @ 0.032 ~ ~ I H Z  150 - 500 HZ @ 0.015 g 2 / ~ ~  
300 - 2000 HZ @ - 3 dB / O C ~  500 - 2000 HZ @ -6 d B  / O C ~  
2000 Hz @ 0.00095 g 2 / ~ z  2000 Hz @ 0.00095 g 2 / ~ z  
. Composite = 4.7 g Composite = 3.4 grms 
rms  
2. F1igr.t Random Vibration Cri ter ia  (4 min p l u s  2 min/mission i n  each  a x i s )  
Composite = 6.9 grPs 
3. Reen t ry  Random Vibration Cri ter ia  (60 see p l u s  30 sec/mission in each  ax i s )  
Direction A Directions B a n d  C 
2 0 -  55 HZ @ 0.00070 g 2 / ~ ~  20 H Z  @ 0.0012 g 2 / ~ ~  
55 - 200 Hz @ + 1 2  dB/oc t  20 - 40 Hz @ +6 dB loct  
200 - 300 Hz @ 0.13 g 2 / ~ z  40 - 300 Hz @ 0.0047 g 2 ~ ~ z  
300 - 2000 Hz @ - 3  dB /oct  300 - 450 Hz @ +12 d B / o c t  
2000 Hz @ 0.019 g2/Hz 450 - 1000 Hz @ 0.024 g Z / ~ z  
1000 - 2000 Hz @ -9  d B  /oct  
2000 Hz @ 0.0030 g 2 / ~ z  
4 Composite = 9.5 grms Coixyosite = 5.0 grms 
4 .  Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
3.5 - 5 Hz @ 1.0 G f s  peak* 
5 - 40 H z  @ 1.0 G's peak 
2 - 5 Hz @ 1.7 G's peak* 
5 - 10 Hz @ 0.6 G f s  peak 
10 - 40 Hz @ 1.7 G's peak 
5 .  Shock Test Criteria ( 2  shocks/axis) 
See Tables I V ,  IX and X .  
Direction A - Perpendicular to Bulkhead 
Direction B - Tangential to Bulkhead 
Direction C - Tangential to Bulkhead, Perpendicular to Direction B 
* Design Criteria Only 
Portions of the following section (subzone 8-1) were updated as a result of the IS-2 
Ames (3.5%) Model Wina Tunnel Tests. Pages 35 through 45 provide revised Boost 
Random Vibration Criteria, additional subzones, and revised Acceptance Test Criteria 
where dictated by changes in the Boost Random CiBiteria. These pages should be 
used in conjunction with pages 2 1  through 34 for determining Design and Test 
Criteria. 
\ *  
? *- 
,> I:: Zone 8 SRF Forward Skirt 
L 
I, 8 Subzone 8-1 SRB Forward Skirt - Stations 524-485 (General Specifications) 
L 
a 1. Acceptance Test Criteritl ( I  min laxis) 
i" 
.. . * '  Radial Axis Lo~g. snd Tang. Axes 
Cornyosite = 9 . 4  grmS Composite = 5 . 4  giqrnr 
2 .  Lift-off Random Vibration Criteria (50 sec p l ~ s  10 sec /mission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 13.6 grms Cogposjts " % S 
g. 
. $ 8-1 (Corit.) 
I .' 
\ 3. Boost Random Vibration Criteria (80 sec plus 40 sec/mission in each axis: 
Radial Axis Long. and Tcng. Axes 
Composite = 18. t3 grms Composite = 10 .8  grm, 
4.  Reentry Random Vibration Criteria (60 sec plus 30 sec/mission in each axis) . 
Radial Axis Long. and Tang. Axes 
Composite = 18.3  grms Composite = 9.6 grms 
5. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
3.5  - 5 Hz @ 0 .7  GIs  peak* 
5 - 10 Hz @ 0.7  GIs peak 
10 - 40 H z  @ 1 . 0  G f s  2eak 
6. Shock Test Criteria ( 2  shocks/axis) 
- 
See Tables V ,  IX and X .  
> 
* Design Criteria Only 
2 - 5 H z  @ 4 . 3  GIs peak* 
5 - 10 H z  @ 0 . 5  G1s peak 
10 - 40 Hz @ 4 . 3  G's peak 
,.* , - _I -- , -.--., ,-*.kc -.- ,&-.-zi.;4 ex > ,-;.s,.w..."T - -  - A*. - .... .. a- - - -. ' ,  - 
, * ,  --* *--& 
o? Subzone 8-1-1 SRB Forward Skirt Skin and Stringers - Stations 524-485 
(General Specifications) 
i 
5 Same as  Subzone 8-1-1-A beiow. 
Subzone 8-1-1-A Input to Components Mounted on the SRB Forward Skirt Skin or 
Stringers - Stations 524-485. Weight of Component < 30 lb . 
1. Acceptance Test Criteria ( 1  minlaxis) 
Radial Axis Long. and Tang. Axes 
Composite = 9.1 grms Composite = 2.5 grms 
2. Lift-off Random Vibration Criteria (50 sec plus I0 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 12.9 grns Composite = 5.0 grms 
'I- , ,-. .- . . - A,. . ti-.-- .lh r i ---- 1 7 - --;rc:m -S-.U , ' ,.*.; '.. 
. - < .   -* .- . . L 0; 
8-1-1-A (Cont. ) 
3. Boost Random Vibration Criteria (80 see plus 40 se : tission in each axis) 
Radial Axis Long. ar Tang. Axes 
Composite = 17.7 grms Composite = 5.0 gpms 
4 .  Reentry Random Vibrstion Criteria (60 sec plus 30 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 18.2 grms Composite = 5.0 grms 
5. Vehicle Dynamics Criteria 
Longitudinal Axis Laterai Axes 
3.5 - 5 Hz @ 1.C G's peak* 
5 - 40 Hz @ 1.0 G's peak 
6. Shock Test Criteria ( 2  shocks/axis) 
See Tables V ,  IX and X. 
L .  * Design Criteria Only 
2 - 5 Hz @ 1.7 G's  peak* 
5 - 10 Hz @ 0.6 G's  peak 
10 - 40 H z  G 1.7 G's peak 
Subzone 8-1-1-B Input to Components Mounted on the SRB Forward Skirt Skin or 
Stringers - Stations 524-485. Weight of Component - >30 but c60 lb. 
1. Acceptance Test Criteria ( 1 min /axis) 
Radial Axis Long. and Tang. Axes 
Composite = 6.6 g Ccoposite = 
r m s  2 . 5  grms 
2. Lift-off Random Vibration Criteria ( 5 0  sec plus 10 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 9 . 2  g 
rms 
Composite = 5 . 0  grms 
s 
e 8- 1- 1-B (Cont . 1 
a? t. 
3. Boost Random Vibration Criteria (80 sec plus 40 seclmission in each axis) 
+ 
Radial Axis Long. and Tang. Axes 
J .  
Composite = 13.0 grms Composite = 5.0 grms 
4. Reentry Randam Vibration Criteria (60 sec plus 30 seclmission Li each axis) 
. 
Radial Axis Long. and Tang. Axes 
Composite = 13.3 grms Composite = 5 0 grms 
5. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
3.5 - 5 H z  @ 1.0 G 's  peak* 2 - 5 H z  @ 1.7 G I s  peak* 
5 - 40 H z  @ 1.0 G ' s  peak 5 - 10 H z  C! 0.6 GIs  peak 
20 - 40 H z  @ 1.7 G I s  peak 
6. Shock Test Criteria ( 2  shockslaxis) 
See Tables V ,  IX and X .  
* Design Criteria Only 
e Subzone 8-1-1-C Input to Components Mounted on the SRB Forward Skirt Skin or . 
stringers - Stations 524-485. Weight of Component 260 lb. 
\ 
r 1 Acceptance Test Criteria (1  min laxis) 
Radial Axis 
I 
Long. and Tang. Axes 
Composite = 5 . 3  g Composite = 2.5 grms 
r m s  
2. Lift-off Random Vibrstion Criteria (50 sec plus 10 sec/mission in each axisj 
Radial Axis Long. and Tang. Axes 
Composite = 7.6 gyms Composite = 5.0 grms 
8- 1- 1-C (Cont . ) 
3. Boost Random Vibration Criteria (80 sec plus 40 sec/mission in F ich axis) 
Radial Axis Long. and Tang. Axes 
Composite = 10.6 glms Composite = 5.0 grms 
4. Reentry Random Vibration Criteria (60 sec blus 30 seclmission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 10.7 grms Composite = 5.0 grms 
5. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
3.5 - 5 Hz @ 1.0 G1s peak* 
5 - 40 Hz @ 1.0 G1s peak 
6. Shock Test Criteria ( 2  shocks/axis) 
See Tables V, IZ and X .  
* Design Criteria Only 
2 - 5 H z  @ 1.7 G 1 s  peak* 
5 - 10 Hz @ 0.G G1s peak 
10 - 40 Hz @ 1.7  G 1 s  peak 
.. $ m 
> Subzone 8-1-2 SRB Forward Skirt Rings - Stations 524-485 (General E Specifications) 
Same as  Subzone 8-1-2-A below. 
. * Subzone 8-1-2-A Input to Components Mounted on the SRB Forward Skirt Rings - Stations 524-485. Weight of Component < 40 lb. 
1. Acceptance Test Criteria ( 1  min laxis) 
Radial Axis Long. and Tang. Axes 
Composite = 6.8 grms Composite = 5.4 g 
rms 
2. Lift-off Random Vibration Criteria (50 sec plus 10 s?c/mission in each axis) 
Radial Axis Long. and Tang. Axes 




'* > 8- 1- 2-A (Cont . ) 
I - 3. Boost Random Vibration Criteria (80 sec plus 40 seclmission in each axis) 
\ 
.a Radial Axis Long. and Tang. Axes 
20 Hz B 0.016 g 2 1 ~ z  
20 - 100 iiz @ +3 dBloct 
100 - 1000 H Z  @ 0.080 ~ ~ I H Z  
1000 - 2000 H z  @ -6 dB Ioct 
2000 H Z  @ 0.020 $/HZ 
Composite = 13.7 grn,s Composite = 10.8 grms 
4.  Reentry Random Vibration Criteria (6b sec plus 30 sec /mission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 11.9 grms Composite = 9.6 grms 
5. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
3 . 5  - 3 Hz @ 1.0 G1s peak* 
5 - 10 Hz  @ l . O G 1 s  peak 
2 - 5  Hz @ 1.7 G1s  peak* 
5 - 10 Hz @ 0.6 G1s  peak 
10 - 40 H z  @ 1.7 G 1 s  peak 
6. Shock Test Criteria ( 2  shockslaxis) 
See Tables V ,  I X  and X .  
' Design Criteria Only 
f i  
3 . b 
4 
? * Subzone 8-1-2-B Input to Components Mounted on the SRB Forward Skirt Rings - yr 
stations 524-485. Weight of Component 240  but <80 lb. 
P 
1 .  Acceptance Test Criteria ( 1 min laxis) 
? 
. . *  Radial Axis Long. and Tang. Axes 
Composite = 5 . 1  grms Composite = 3.8 grms 
2. Lift-off Random Vibration Criteria ( 5 0  sec plus 10 seclmission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 6 . 8  grms Composite = 5 . 5  grms 
3. Boost Random Vibration Criteria (80 sac plus 40 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 10 .2  grms Composite = 7.7 grms 
4 .  Reentry Random Vibration Criteria (60 sec plus 30 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 8 . 6  grms Composite = 7.1 g 
rms 
5 .  Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
3.5 - 5 Hz @ 1.0 G ' s  peak* 
5 - 40 H z  @ 1.0 G ' s  peak 
6 .  Shock Test Criteria ( 2  shocks/axis) 
See Tables V ,  IX  arid X .  
* Design Criteric? Only 
2 - 5 H z  @ 1.7 G I s  peak* 
5 - 10 Hz @ 0.6 G1s peak 
10 - 40 H z  @ 1.7 G I s  peak 
, .. iM 
.b ; Subzone 8-1-2-C Inpu t  t o  Components Mounted on t h e  SRB Forward S k i r t  R ings  - 
i r s t a t i o n s  524-485. Weight of Component 280 l b .  
5 1. Acceptance T e s t  Cr i ter ia  ( 1  minlaxis)  
i 
Radial Axis Long. a n d  T a n g .  Axes  
20 Hz @ 0.0025 g2/k!z 20 Hz @ 0.0040 g2/13z 
20 - 130 Hz @ + 3  dB1oct 20 - 33 Hz @ + 3  dB1oct 
130 - 800 Hz @ 0.016 g2 /Hz  33 - 1000 Hz C; 0.0065 g2 /Hz  
I 800 - 2000 Hz @ -9 dB Ioct 1000 - 2000 Hz @ -6 dB1oct 
2000 HZ 8 0.0010 g2 i i l z  2000 HZ @ 0.0016 g2 iHz  
Composite = 4.1 grms Composite = 3.1 grms 
2. Lift-off Random Vibration Cri ter ia  (50 s e c  p l u s  10 seclmission in each a x i s )  
Radial Axis Long. a n d  T a n g .  Axes 
20 Hz @ 0.0072 ga lHz  20 H Z  @ 0.012 g 2 / ~ z  
20 - 50 Hz @ + 3  dB1oct 20 - 34 Hz r +3 dB1oct 
50 - 180 Hz @ 0.018 g21Hz 34 - 150 Hz @ 0.020 g 2 / H z  
180 - 230 Hz @ +6 dB/oc t  150 - 180 Hz @ -6 dB/oc t  
230 - 800 Hz Q 0.030 g2/Hz 180 - 1000 HZ @ 0.013 g 2 / H z  
800 - 2000 Hz @ -9 dB Ioct 1000 - 2000 Hz @ -6 dB10ct 
2000 H Z  @ 0.0020 g 2 / ~ z  2000 Hz @ 0.0033 g 2 / ~ z  
Composite = 5.0 grms 
3. Boost 3andorn Vibration Cri tc~r ia  (80 sec  p l u s  4@ seclmission in  each a x i s )  
Radial Axis Long. a n d  T a n g .  Axes  
20 H Z  @ 0.010 g 2 / ~ z  20 Hz @ 0.016 g21Hz 
20 - 130 Hz @ + 3  dB1oct 20 - 33 Hz @ +3 dB1oct 
120 - 800 Hz @ 0.065 g21Hz 33 - 1000 Hz @ 0.026 g21Hz 
800 - 2000 Hz @ - 9 dB Ioct 1000 - 2000 Hz @ -6 dB1oct 
2000 Hz @ 0.0042 g2/Hz 2000 Hz @ 0.0065 g2iHz 
Composite = 8.3 grms Composite = 6.2 grms 
s, , ', 
.!: . 8-1-2-C (Cont .) 
t 
i 
I, 4. Reentry Random Vibration Criteria (60 sec plus 30 seclmission i each axis) i 
a Radial Axis 
Composite = 6.9 grms 
5. Vehicle Dynamics Criteria 
Longitudinal Axis 
Long. and Tang. Azes 
Composite = 5.6 grms 
Lateral Axes 
3 .5  - 5 H z  B 1.0 G I s  peak* 2 - 5 Hz @ 1.7 GIs  peak* 
5 - 40 H z  B 1.0 G I s  peak 5 - 10 Hz @ 0.6 G I s  peak 
10 - 40 Hz @ 1 . 7  G I s  peak 
6. Shock Test Criteria ( 2  shwkslaxis) 
See Tables V ,  I X  and X .  
* Design Criteria Only 
:r> '. Zone 8 -  SRB Forward Skirt 
Subzone 8-1 SRB Forward Skirt - Stations 524-48E (General Specifications) 
1. Acceptance Test Criteria ( 1 min 1axj.s) 
Radial Axis Lmg. and Tang. Axes 
Composite = 11 .8  gr , ,  Composite = 6.6  grms 
2. Boost Random Vibration Criteria ( 80 sec 9lus 40 sac /mission in each axis) 
Radisl Axis Long. and Tang. Axes 
Composite = 23.7 grms Composite - 13 .3  grms 
Subzone 8-1-1 SRB Forward Skirt - Stations 524-485 - +45O from Y-Axis 
Adjacent to ET (General Specifications) 
1. Accpetance Test Criteria ( 1  min laxis) 
Radial Axis Long. and Tang. Axes 
Compcsite = 11 .2  g 




# .  
Subzone 8-1- 1 (Cont .) 
2. Boost Random Vibration Criteria (80 sec plus 40 seclmission in each axis) 
@ 
. %  Radial Axis L,ong. and Tang. Axes 
5 
- k ao  H Z  @ 0.12 $ /HZ  20 - 155 Hz @ +3 dB/oct 3 
. ~ 
L .  
155 - 320 H z  @ 0.90 g21Hz 
. , 320 - 35G H z  @ -9 dB Ioct 
350 - 550 HZ @ 0.70 g2/Hz 
550 - 2000 Hz  @ -12  dB/oct 
\. 2000 H z  @ 0.0041 g2/Hz 
20 H z  @ 0.031 g 2 / ~ z  
20 - 115 Hz @ +3 dB/oct 
115 - 170 H Z  @ 0.19 ~ ~ I H z  
170 - 400 H z  @ -9 dB Ioct 
400 - 700 HZ @ 0.014 g 2 / ~ ~  
700 - 2000 H z  @ -3 dB1oct 
2000 H z  @ 0.0051 g 2 / ~ z  
C'dmposite = 22.5 grms Composite - 6.9 grms 
Subzone 8-1-1-1 SRE Forward Skirt Skin and Stringers - Stations 524-485 - 
k135O from Y-Axis Opposite the ET (General Specifications) 
Same as Subzone 8- 1-1-1-A below. 
Subzone 8-1-1-1-A Input to Components Mounted on the SRB Forward Skirt Skin 
and Stringers - Stations 524-485 -- +135O from Y-Axis Opposite 
the ET. Weight of Component <30 lb. 
1.  Acceptance Test Criteria ( 1 mi11 /axis) 
No Change (see page 23) 
2. Boost Random Vibration Criteria (80 sec plus 40 sec/mission in each axis) 
No Chaqge (see page 24) 
, '  i 
,> i 
.\ Subzone 8-1-1-1-2 Inpat to Components Mounted on the SRB Forward Skirt Skin + 
?, and Stringers - Stations 524-485 - +135O from Y- Axis opposite ? the ET. Weight of Component 230 but <60 lb. 
+ .  
1. Acceptance Test Criteria (1 minlaxis) 
- I I  
No Change (see page 25) 
.. 2. Boost Random Vibration Criteria (80 sec plus 40 sec/mission in each axis) 
No Change (see page 26) 
2 
Subzone 8-1-1-1-C Input to Components Mounted on the SRB Forward Skirt Skin 
and Stringers - Stations 524-485 - +135O from Y-Axis Opposite 
the ET. Weight of Component 260 Ib. 
1. Acceptance Test Criteris (1  min laxis) 
No Change (see page 27) 
2. Boost Random Vibration Criteria (80 sec plus 40 sec /mission in each axis) 
No Change (see page 28) 
I Subzone 8-1-1-2 SRB Forward Skirt Skin and Stringers - Stations 524-485 - 
245O from T -Axis Adjacent to ET (General Specifications) 
Same as Pubzone 8- 1- 1-2-A below 
- . .  
Subzone 8-1-1-2-A In ut to Components Mounted on the SRB Forward Skirt Skin 1 i 
*ringers - Stations 524-485 - t45O from Y-Axis Adjacent 
to ET. Weight of Component r 3 0  lb. , 
1. Acceptace Test Criteria (1  min /axis) 
Radial kxis 
I 
Long. and Tang. Axes I i 
Composite = 11.2 grms Composite = 3.4 grms 
2. Boost Random Vibration Criteria (80 see plus 40 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 22.5 grms 
A ? 
' Subzone8-1-1-2-B InputtoComponentsMountedontheSRBForwardSkirtSkin -- 
I . a n d  S t r i n g e r s  - Stat ions  524-485 - ?45O from Y-Axis a n d  
% -  Adjacent t o  ET.  Weight of Component 230 b u t  <60 l b .  
q 1. Acceptsnce T e s t  Cr i t e r i a  ( 1 min laxis)  
Radial Axis Long. a n d  T a n g .  Axes  
20 Hz @ 0.030 g B / ~ z  No Change  ( s e e  page  25) 
20 - 75 Hz @ +3 dB/oc t  
75 - 320 HZ @ 0.11 g 2 ~ ~ ~  
320 - 350 HZ @ -9 dB10ct 
350 - 550 HZ @ 0.087 g 2 / ~ ~  
550 - 2000 Hz @ -12 dB/oc t  
2000 Hz @ 0.00050 g 2 / H z  
Composite = 8.2 grms 
2. Boost Random Vibration Cr i t e r i a  (80 sec p l u s  40 seclmission in each ax i s )  
Radial Axis Long. a n d  T a n g .  Axes  
20 Hz @ 0.12 g 2 / ~ z  
20 - 75 Hz @ +3 dBIoct  
75 - 320 Hz @ 0.45 g 2 / ~ z  
320 - 350 HZ @ -9 dB/oc t  
350 - 550 Hz @ 0.35 g2/Hz 
550 - 2000 Hz @ -12 dB Ioct 
2000 Hz @ 0.0020 g 2 / ~ z  
20 Hz @ 0.016 g P 1 ~ z  
20 - 115 kiz @ +3 dB/oc t  
115 - 110 Hz @ 0.090 g 2 l ~ z  
170 - 400 Hz @ -9 dBIoct  
400 - 700 Hz @ 0.0070 g 2 / ~ z  
700 - 2000 Hz @ -3 dB loct 
2000 Hz @ 0.0024 g 2 1 ~ z  
Composite = 16.5 grms Composite = 5.0 g; 
rms 
Subzone 8-1-1-2-C Input to Components Mounted on the  SRB Forward Skirt Skin 
.! and Stringers - Stations 524-485 - +45O from Y-Axis Adjacent to ET.  Weight of Component 260 lb. 
7 1. Acceptance Test Criteria (1 minlaxis) 
4 
Radial Axis Long. and Tang. Axes 
No Change (see page 39) 
Composite = 6.6 grms 
2. Boost Iiandom Vihrstion Criteria (80 sec plus 40 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 13.3 grms Composite = 5.0 g rms 
- C;ubzone 8- 1-2 SRB Forward Skirt - Stations 524-485 - k135O from Y-Axis 
opposite the ET (General Specifications) 




20 Hz 0.012 $ /HZ 
20 - 100 Hz @ +3 dB1oct 
100 - 750 Hz @ 0.062 g2/Hz 
750 - 2000 Hz @ -9 dB Ioct 
2000 Hz @ 0.0032 g 2 / ~ z  
Long. and Tang. Axes 
Composite = 8.0 grms Composite = 6.6 grms 
. 2. Boost Random Vibration Criteria (80 sec plus 40 seclmission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 16.0 grms Composite = 13.3 grns 
Subzone 8-1-2-1 SRB Forward Skirt Rings - Stations 524-485 - ?135O from 
Y-Axis opposite the ET (General Specifications) 
Same as Subzone 8- 1- 2- 1-A below. 
Subzone 8-1-2-1-A In ut  to Components Mounted on the SRB Forward Skirt Rings - k 524-485 - +13s0 from Y -Axis opposite the El'. Weight 
of Component c40 lb.  
1. Acceptance Test Criteria ( 1 min laxis) 
No Change (see page 29) 
2. Boost Random Vibration Criteria (80 sec plus 40 seclmission in each axis) 
No Change (see page 30) 
Subzone 8-1-2-1-B Input to Components Mounted on the SRB Forward Skirt Rings - 
Stations 524-485 - 2135O from Y-Axis opposite the ET. Weight 
of Component - >40 but <80 Ib. 
1. Acceptance Test Criteria (1 minlaxis) 
No Change (see page 31) 
2. Boost Random Vibration Criteria (80 sec plus 40 seclmission in each axis) 
No Change (see page 31) 
Subzone 8-1-2-1-C Input to Components Mounted on the E19B Forward Skirt Rings - 
Stations 524-485 - 2135O from Y-Axis opposite the ET. Weight 
of Component - .80 ib. 
1. Acceptance Test Criteria ( I  min iaxis) 
No Change (see page 33) 
2. Boost Random Vibration Criteria (80 sec plus 40 seclmission in each axis) 
No Change (see page 33) 
'4 Subzone 8-1-2-2 SRB Forward Skirt Rings - Stations 524-485 - ?45O from 
r Y -Axis adjacent to ET (General Specifications) 
", Same as Subzone 8- 1- 2- 2-A below. 
2' 
. : 
Subzone 8-1-2-2-A Input to Components Mounted on the SRB Forward Skirt Rings - 
Stations 524-485 - 245O from Y-Axis adjacent to ET. Weight 
1 of Component <40 lb. 
f 1. Acceptance Test Criteria (1  min /axis) 
Radial Axis L o ~ g .  and Tang. Axes 
-: . 
C~mposite = 8.0 grms Composite = 6.6 prms 
. . 
1 2. Boost Random Vibration Criteria (80 sec plus 40 sec /mission in e:.ch axis) 
Radial Axis Long. and Tang. Axes 
Composite = 16.0 grlTls Composite = 13. '1 grms 
$ . ' !  
- Subzone 8-1-2-2-B Input to Components Mounted on the SRB Forward Skirt Rings - 
Stations 524-485 - +45O from Y-Axis adjacent to ET. Weight 
% of Component 240 but <80  Ib. 
4 
1. Acceptance Test Criteria ( 1  minlaxis) 
Radial Axis Long. and Tang. Axes 
20 H Z  @ 0.012 &HZ 
20 - 48 Hz @ +3 dB Ioct 
48 - 750 Hz @ 0.030 g 2 / ~ z  
750 - 2000 Hz @ - 9  dB Ioct 
2000 Hz @ 0.0016 g21Hz 
Composite = 5.6 grins Composite = 4 . 8  grms 
. 
2. Boost Random Vibration Criteria (80  sec plus 40 seclmission in each axis) 
Radial Axis Long. and Tang. Axes 
20 H z  @ ij.050 g 2 ~ ~ z  
20 - 48 Hz @ +3  dB/oct 
48 - 750 H Z  @ 0 . 1 2  g2/Hz 
750 - 2000 H z  @ - 9 dB Ioct 
2000 H z  @ 0.0064 g21Hz 
Composite = 1 1 . 2  grms Composite = 9 . 6  grms 
. t 
- 3 Subzone 8-1-2-2-C Input to Components Mounted on the SRB Forward Skirt hings - 
Stations 524-485 - +45O from Y-Axis adjacent to ET. Weight 
% of Component 180 lb. 
i l  
1. Acceptance Test Criteria ( 1  min laxis) 
Radial Axis Long. and Tang. Axes 
\. 
Composite = 4.6 g Composite = 3.8 grms 
rms 
2. Boost Random Vibration Criteria (80 sec plus 40 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 9.2 grms Composite = 7.7 grms 
Subzone 8-2 SRB Forward Skirt - Stations 484-434 (General Specifications) 
1. Acceptance Test Criteria ( 1  min /axis) 
Radial Axis Long. and Tang. Axes 
Composite = 12.7 grms Composite = 15.0 grms 
2. Lift-off Random Vibration Criteria (50 sec plus 10 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
\a?  '. 8-2 (Cont.  1 
\ 3. Boost Random Vibration Cr i t e r i a  (80  sec  2 l u s  40 sec/mission in each ax i s )  
a R h e i , ~ l  Axis Long. a n d  T a n g .  Axes  
20 Hz @ 0.080 g 2 / ~ z  
2 0 -  SO Hz @ + 3  dB/oc t  
80 - 115 Hz @ 0.32 g21Hz 
115 - 300 Hz @ +3 dB1oct 
300 - 500 Hz @ 0.85 g 2 / ~ z  
500 - 840 Hz @ - 9  dB Ioct 
840 - 2000 Hz @ 0.18 g 2 / ~ z  
20 Hz @ 0.068 g 2 1 ~ z  
20 - 50 Hz @ +3 dB /oct 
50 - 185 Hz @ 0.17 g 2 ~ ~ z  
185 - 570 Hz @ +3 dB Ioct 
570 - 2000 Hz @ 0.52 g 2 1 ~ z  
Composite = 25.4 grms Composite = 30.1 grms 
4. R e e n t r y  Random Vibration Cri ter ia  (60 sec  p l u s  30 seclmission in each ax i s )  
Radial Axis Long. arid T a n g .  Axes  
20 Hz @ 0.060 g 2 / ~ z  
20 - 100 Hz @ +3 dB Ioct 
100 - 150 Hz @ 0.30 g 2 / ~ z  
150 - 235 Hz @ -12 dB1oct 
235 - 800 1-12 @ 0.050 g 2 / ~ z  
800 - 2000 Hz @ -6 dB/oc t  
2000 Hz @ 0.0080 g 2 / ~ z  
Composite = 24.0 grms Composite = 9.6 grms 
5. Vehicle Dynamics Cri ter ia  
Longitudinal Axis  Lateral  Axes  
3.5 - 5 Hz @ 1.0 G's peak*  
5 - 40 Hz @ 1.0 G's p e a k  
6. Shock T e s t  Cr i ter ia  ( 2  shocks lax i s )  
See Tab les  V ,  IX a n d  X.  
* Design Cri ter ia  Only 
? - 5 Hz @ 1.7 G's peak*  
5 - 10 Hz @ 0.6 G's peak  
10 - 40 Hz @ 1 . 7  G's peak  
1 i 
4 :  I 
, 
Subzone 8- 2- 1 SRB Forward S k i r t  Skin a n d  S t r i n g e r s  - Stat ions  484-434 
(General  Specifications) < 
3 
3 Same as Subzone 8- 2- 1-A below. 
I Subzone 8-2-1-A Inpu t  t o  Components Mounted (. n t h e  SRB Forward S k i r t  SP' o r  
I 
S t r i n g e r s  -- Stat ions  484-434. Weight of Component <30 15. i 
1. Acceptance T e s t  Cr i ter ia  ( 1  rninlaxis) I 
i 
Radial Axis Long. a n d  T a n g .  Axes  
20 H Z  @ 0.012 $/HZ 
I S  2 0 -  8 0 H z  @ + 3  dB!oct 
80 - 105 Hz @ 0.050 g 2 / ~ z  
105 - 315 Hz @ + 3  dB1oct 
315 - 600 Hz @ 0.15 g 2 / ~ z  
6C0 - 2000 Hz @ -5  d B  Ioct 
2000 H Z  @ 0.020 $ /HZ 
20 H z  @ 0.00092 g 2 / ~ z  
20 - 85 Hz @ +6 dB Ioct 
85 - 150 H z  @ 0.016 g 2 / ~ z  
150 - 325 l-iz @ -6 dB1oct 
325 -- 1500 H z  @ C.0035 g 2 / ~ z  
1500 - 2000 Hz @ - 3  dB1oct 
2000 Hz @ 0.0025 g 2 1 ~ z  
Composite = 11.9 grnls Conlposite = 2.9 grms 
2. Lift-off Random Vibratiori Cr i ter ia  (50 s e c  p l u s  10 scclmission in each ax i s )  
Radial Axis Long. a n d  T a n g .  Axes  
Composite = 12.9 g Composile = 5.0 g 
1-m s rrns 
3 .  Boosi thndorn Vibration Criteria (80 szc plus 40 seclrnission in each axis) 
- 
Radial Axis Long. and Tang. Axes 
'% 20 Hz Cd 0.050 g2/Hz 20 Iiz @ 0.0037 g 2 / ~ z  
i 
t : 20 - 80 Hz Ca +3 dB loct 20 - 85 Hz @ +G dB1oct 
80 - 105 H z  @ 0.20 g 2 / ~ z  85 - 150 HI @ 0.066 g 2 1 ~ ~  
. ,  105 - 315 Hz @ + 3  dHloc: 150 - 325 H.T @ -6 dB /oc? 
315 - 600 Hz @ 0.60 g 2 / ~ z  325 - 1500 H z  @ 0,014 g 2 / ~ z  
600 - 2000 Hz @ - 5  dB Ioct 1500 - 2fiq0 H: @ -3  dB Ioct 
2000 Hz @ 0.081 g2/Hz 2000 Hz @ 0.010 &hz 
Composite = 23.8 grms Ccrnposite = 5.8 I; rrn s 
4. Reentry Random Vibration Criteria (60 sec plus 30 seclrnission ir, each axis) 
Radial Axis Lor-.g. and Tang. Axes 
20 Hz @ 0.10 g 2 / H z  
20 - 100 Hz 8 + 3  dB/oct 
100 - 500 Hz @ 1.50 g 2 / ~ z  
500 - 2000 Hz @ - 1 2  dB 10ct 
2000 Ilz @ 0.0023  HZ 
. 
Composite - 17.5 grms 
5. Vehicle Dynamic Criteria 
Longitudin~l Axis Lateral Axes 
3.5 - 5 Hz @ 1.0 G's peak* 
5 - 40 H z  @ ; . 3  G's peak 
2 - 5 Hz @ 1 . 7  G's peak* 
5 - 10 Hz @ 0.6 G's peak 
10 - 40 Hz @ 1.7 G ' s  peak 
6 .  Shock Test Criteria ( 2  shockslaxis) 
/ 
See Tables V ,  IX and X . 
j * Design Criteria Only 
, < .  
. i  . 
0 -  . Subzone 8-2-1-B I n p u t  t o  Components l foun ted  on  t h e  SRB Fcrward  Skirt Skin 
o r  S t r i n g e r s  - Sta t ions  484-434. Weight of Component 230 
'b b u t  <60 lb. 
2 
1. Acceptance Tes t  Cr i ter ia  (1 miniaxis) 
Radial Axis 
70 HZ @ 0 . ~ 1 2  ~ ~ I H Z  
20 - 4 0 H z  @ + 3  dB1oct 
49 - 56 Hz Cd 0.025 g211-1~ 
56 - 170 Hz @ +3 dB1ozt 
170 - 600 IIz @ 0.075 g 2 / ~ z  
600 - 2000 Hz @ -5 dB Ioct 
2000 H Z  @ 0.010 ~ ~ I H Z  
Composite - 8.7 grms 
Long. a n d  T a n g .  Axes  
Composite = 2.5 grms 
2. Lift-off Random Vibration Cri ter ia  (50 sec p l u s  10 sec/rnission in each axis)  
Radial Axis Long. a n d  T a n g .  Axes  
Composite = 9.2 g Con:posite = 5.0 g 
rms r m s  
3. Boost Random Vibration r i ter ia  (80 sec  p l u s  40 sec!mission in each ax i s )  
Radial Axis Long. a n d  T a n g .  Axes  
20 H z  @ 0.050 g 2 / ~ z  
20 - 40 h z  @ +3 dB /oct 
40 .- 56 HZ @ O . i O  g 2 / ~ ~  
56 - 170 Hz @ +3 dB loct 
170 - 600 Hz @ 0.30 g2/Hz 
630 - 2000 Hz @ -5  dB Ioct 
2000 Hz @ 0.0c1 g 2 / ~ z  
20 Hz @ 0.0027 g 2 j ~ z  
20 - 85 Hz @ +6 dB Ioct 
85 - 150 Hz @ 0.049 g 2 / ~ z  
150 - 325 Hz @ -6 dB/oc t  
325 - 1500 Hz @ 0.010 g 2 1 ~ z  
1590 - 2000 Hz @ -3 dB/oc t  
2000 Hz @ 0.0074 g21Hz 




8- 2- 1-B (Cont . ) 
0 )  4.  Reentry Random Vibration Criteria (60 sec plus 30 seclrnission in each axis) 
T Radial Axis Long. and Tang. Axes 
Composite = 1:. ' grms Com?osite = 5.0  grms 
5.  Vehicle Dynamics Criteria 
Longitudinal Ax i s  
3.5 - 5 Hz @ 1.0 G ' s  peak* 
5 - 40 Hz @ 1.0 G ' s  pesk 
6.  Shock Test Criteria ( 2  shocksiaxis) 
See Tables V ,  i X  and X .  
* Design Triteria Only 
Lateral Axes 
-> - 5 H z @ 1 . 7 G 7 s p e a k *  
5 - 10 Hz ia 0.6 G ' s  pesk 
20 - 40 Hz @ 1.7 GTs peak 
. - 
!- Subzone 8-2-1-C Input to Components Mounted on the SRB Forward Skirt Skin 
or Stringers - Stations 484-434. Weight of Component 260 lb. 
\ 1. Acceptance Test Criteri* (1 rninlaxis) 
+ .  
Radial Axis 
T 
Long. and Tang. Axes 
Composite = 7 . 0  grms Composite = 2 . 5  grms 
2. Lift-off Random Vibration Criteria ( 5 0  sec plus 10 sec/mission in each axis) 
. Radial Axis Long. and Tang. Axes 
Composite = 7 . 6  grms 
20 Hz @ 0.0033 g2/Hz 
20 - 100 H z  @ +6 dB/oct 
lC0 - 150 H z  @ 0.083  g2/Hz 
150 - 310 Hz @ - 9  dB/oct 
310 - 1000 Hz @ 0.9090 g2/Hz 
1000 - 2000 Hz @ - 3  dB ioct 
2000 H z  @ 0.0045 g2/Hz 
Composite = 5 . 0  grms 
3 .  Boost Random Vibration Criteria (80  sec plus 40 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 14.1  grms Composite = 5 . 0  g 
rms 
\ 4 .  Reentry Random Vibration Criteria (60 sec plus 30 sec/mission in each a-  is) 
I 
Radial Axis 
Composite = 10.1 grms Composite - 5.0 grms 
5 .  Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
3.5 - 5 Hz @ 1.0 G 1 s  peak* 
5 - 40 Hz @ 1.0 G's peak 
6 .  Shock Test Criteria ( 2  shockslaxis) 
See Tables V ,  I X  and X .  
- 
* Design Criteria Only 
2 - 5 i l z  @ 1 . 7  G's peak* 
5 - 10 Hz @ 0.6 G's peak 
10 - 40 Hz @ 1.7 G1s peak 
, . 
Subzone 8-2-2 SRB Forward Skirt Rings - Stations 484-434 (General 
\. Specifications) 
2 
Same as Subzone 8-2-2-A below. 
Subzone 8-2-2-A Input to Components Mounted on tne SRB Forward Skirt Rings - 
Stations 484-434. Weight of Component <20 lb. 
1. Acceptance Test Criteria (1  min /axis) 
Radial Axis Long. ar.d Tang. Axes 
Composite = 12.7 grms Composite = 15.0 grms 
2. Lift-off Random Vibration Criteria (50 sec plus 10 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 14.8 grms Composite = 17.9 grms 
1 
)a? 1 8-2-2-A (Cont .) 
3. Boost Random Vibration Criteria (80 sec plus 40 sec/mission In each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 25.4 grms Composite = 30.1 g 
r m s  
4. Reentry Random Vibration Criteria (60 sec plus 30 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 22.8 grms Composite = 21.2 grms 
5. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
3.5 - 5 Hz @ 1.0 G t s  peak* 
5 - 40 Hz @ 1.0 G's peak 
6. Shock Test Criteria ( 2  shockslaxis) 
See Tables V, IX and X .  
* Design Criteria Only 
2 -  5 Hz @ l . ' iG t speak*  
5 - 10 Hz @ 0.6 G's peak 
10 - 40 Hz @ 1.7 G t s  peak 
Subzone 8-2-2-B Input to Components Mounted on the SRB Forward Skirt Rings - 
Stations 484-434. Weight of Component 220 but <60 lb. 
1. Acceptance Test Criteria (1  minlaxis) 
Radial Axis Long. and Tang. Axes 
Composite = 10.6 grme Composite = 12.4 grms 
2. Lift-off Random Vibration Criteria (50 sec plus 10 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 12.4 grms Composite = 14.9 grms 
\ " 3. Boost Random Vibration Cr i t e r i a  (80 sec  p l u s  40 seclmission in  each a x i s )  
+ .  
Radial Axis Long. a n d  T a n g .  A x e s  
- .  . 
20 Hz C! 0.080 g21Hz 20 Hz @ 0.068 g 2 i ~ z  
20 - 52 Hz @ + 3  dB/oc t  20 - 32 Hz @ +3 dB1oct 
52 - 75 Hz @ 0.21 g 2 1 ~ z  32 - 120 Hz @ 0.11 g ' l ~ z  
75 - 200 Hz @ +3 dB1oct 120 - 370 Hz @ + 3  dB1oct 
200 - 500 Hz @ 0.56 g 2 / ~ z  270 - 2000 Hz @ 0.34 g 2 / ~ z  
5 500 - 840 Hz @ -9  dB1oct 
840 - 2000 Hz @ 0.12 g 2 / ~ z  
Composite - 2,. g rms  Composite = 24.9 grms 
. 4. Reen t ry  Random Vibration Cr i t e r i a  (60 sec p l u s  30 seclmission in  each  a x i s )  
Radial Axis Long. a n d  T a n g .  A x e s  
20 Hz @ 0.51 g21Hz 
2 0 -  3 4 H z  @ + 3 d B I o c t  
34 - 270 Hz @ 0.86 g 2 / ~ z  
270 - 820 HZ @ -9  dB10ct 
820 - 1500 Hz @ 0.031 g 2 1 ~ z  
1500 - 2000 Hz @ -6 d B  Ioct 
2000 Hz @ 0.017 g 2 / ~ z  
Composite = 18.7 grms Composite = 17.6 grmS 
5. Vehicle Dynamics Cr i t e r i a  
Longitudinal Axis Lateral  A x e s  
3.5 - 5 Hz @ 1.0 G's peak* 
5 - 40 Hz Cd 1.0 G's peak  
6. Shock T e s t  Cr i ter ia  ( 2  shocks lax i s )  
I, See Tables  V, I X  a n d  X .  
* Design Cri ter ia  Only 
2 - 5 Hz @ 1.7 G's peak*  
5 - 10 Hz @ 0.6 G's peak  
10 - 40 Hz @ 1.7 G1s p e a k  
* t 
Subzone 8-2-2-C Input to Components Mounted on the SRB Forward Skirt Rings - 
Stations 484-434. Weight of Component 260 lb. 
$ 1. Acceptance Test Criteria (1  min /axis) 
Radial Axis Long. and Tang. Axes 
Composite = 8 * 6  grms Composite = 9.9 grms 




20 ilz @ 0.036 g 2 / ~ z  
20 - 85 Hz @ +3 dB1oct 
85 - 400 H Z  @ 0.15 g 2 / ~ ~  
400 - 775 Hz @ - 9 dB Ioct 
775 - 1500 Hz @ 0.022 g2lI-i~ 
1500 - 2000 Hz @ -3 dB/oct 
2000 H z  @ 0.016 g 2 / ~ z  
Composite = 10.1 grms 
Long. and Tang. Axes 




., -. 8- 2- 3-C (Cont . ) 
.a> 





Composite = 17.2 grms 
Long. and Tang. Axes 
Composite = 19.9 grms 
4.  Reentry Random Vibration Criteria (60 sec plus 30 sec/mission in each axis) 
.. 
Radial Axis Long. and Tang. Axes 
Composite = 15.0 grms 
5. Vehicle Dynamics Criteria 
Longitudinal Axis 
3 . 5  - 5 Hz @ 1.0 G's  peak* 
5 - 40 Hz @ 1.0 G ' s  peak 
Composite = 12.7 grms 
Lateral Axes 
2 - 5 Hz @ 1.7 G ' s  peak* 
5 - 10 Hz @ 0.6 G's peak 
10 - 40 Hz c- 1.7 G 1 s  peak 
6. Shock Test Criteria (2 shwkslaxis) 
See Tables V ,  IX  and X .  
* Design Criteria Only 
Subzone 8-3 SRB Forward S k i r t  - Stat ions  433-395 (General  Spc-;fications) 
1. Acceptance T e s t  Cr i t e r i a  ( 1  min laxis)  
.: Radial Axis Long. a n d  T a n g .  Axes  
20 Hz @ 0.035 g21Hz 
20 - 73 Hz @ + 3  dB1oct 
73 H Z  @ 0.12 &HZ 
73 - 250 Hz @ +6 d B  Ioct 
250 - 600 Hz @ 1.00 g 2 / ~ z  
m 600 - 620 Hz @ -12 dB/oc t  
620 - 700 Hz @ 0.85 g 2 / ~ z  
700 - 2000 Hz @ - 9 dB Ioct 
2000 Hz @ 0.038 g 2 / ~ z  
Composite = 28.1 grms Composite = 19.8 grms 
2. Lift-off Random Vibration Cr i t e r i a  (50 s e c  p l u s  10 sec/mission in  each  ax i s )  
Radial Axis Long. a n d  T a n g .  Axes  
20 Hz @ 0.015 g 2 / ~ z  
20 - 115 Hz @ +3 dB/oc t  
115 Hz @ 0.082 g2/1iz 
115 - 200 Hz @ +6 dB/oc t  
A 200 - 715 Hz @ 0.25 g 2 / ~ z  
715 - 2000 Hz @ -9 dB Ioct 
2000 Hz @ 0.012 g 2 / ~ z  
Composite = 15.0 grms Composite = 11.0 grms 
; j 
- ,  4 
* * 
' - 5  8-3 (Cont .) 
+ 3. Boost Random Vibration Cri ter ia  (80 see p l u s  40 s e c l m i s s ~ o n  in each a x i s )  
Radial Axis Long. and Tang. Axes  
20 H z  @ 0.070 g 2 / ~ z  
20 - 80 Hz @ + 3  dB1oct 
80 - 370 Hz @ 0.28 g 2 / ~ z  
370 - 800 Hz @ -r3 dB loct 
800 - 1250 HZ @ 0.60 g 2 / ~ z  
1250 - 2060 Hz @ - 9  dB10ct 
2000 Hz @ 0.15 g 2 / ~ z  
Composite = 35.6 grms Composite = 27.9 grms 
4. R e e n t r y  Random Vibration Cr i t e r i a  (60 sec p l u s  30 seclmission in e ~ c h  ax i s )  . 
Radial Axis Long. a n d  T a n g .  Axes  
20 Hz @ 0.14 g 2 / ~ z  
20 - 73 Hz @ + 3  dBloc t  
73 Hz @ 0.50 g 2 / ~ z  
73 - 250 Hz @ +6 dBloc t  
250 - 600 Hz @ 4.00 g 2 1 ~ z  
600 - 620 Hz @ -12 dB!oct 
620 - 700 Hz @ 3.40 g21Hz 
700 - 3000 Hz @ - 9 dB loct  
2000 Hz @ 0.15 g2 /Hz  
Composite = 56.3 grms 
5. Vehicle Dynamics Critc-rria 
Longitudinal Axis 
20 H Z  @ 0.20 
20 - 120 Hz (;! +3 dB1oct 
120 - 1000 HZ C i .20 g2 i I i z  
1000 - 2000 Hz @ - 9  d B  loct 
2000 Hz @ 0.15 g 2 / ~ z  
Composite = 39.7 grm, 
Latera l  Axes  
2 - 5 Hz @ 1.7  G's peak*  
5 - 10 Hz @ 0.6 G ' s  peak  
10 - 40 Hz @ 1.7 G's peak  
6. Shock T e s t  Cr i ter ia  (2  shocks lax i s )  
J 
See Tab les  V ,  IX  a n d  X .  
* D e s i g ~  Cr i t e r i a  Only 
c' 
L 
Subzone 8-3-1 SRB Forward Skirt Skin and Stringers - Stations 433-395 
: -5 (General Specific?tionsi 
3 
3 Same as  Subzone 8-3-1-A below. 
Subzone 8-3-1-A Input .fo Components Mounted on the SRB Fo~ward Skirt Skin 
or Strmgers - Stations 433-395. Weight of Component <30 lb. 
1. Acceptance Test Criteria (1 miniaxis) 
Radial Axis Long. and Tang. Axes 
Composite = 25 1 grms Composite = 3.2 grms 
2. Lift-off Random Vibration Criteria (50 sec plus 10 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
20 H z  @ 0.0025 g 2 / ~ z  20 H z  @ 0.0033 g 2 / ~ z  
20 - 200 H z  @ + S  dB Ioct 2 - 100 H z  \_a +6 dB/oct 
200 - 600 Hz @ 0.25 g 2 / ~ z  100 - 150 H z  @ 0.083 g 2 ~ ~ z  
600 - 2000 H Z  @ -12 dB10 t f 150 - 310 H z  @ -9 dB/oct 2000 H z  @ 0.0020 g /Hz 310 - 1000 H z  @ 0.0090 g 2 / ~ z  
1000 - 2000 !iz @ -3 I',Bloct 
20GU H z  @ 0.0045 g 2 / ~ z  
Composite = 12.9 grVs Composite = 5.0 grmS 
\ 
3. Boost Random Vibration Criteria ($9 sec plus 40 sec/mission in each axis) 
Y 
Radial Axic Ilong. and Tang. Axes 
Composite = 29.7 grnlS Composite .- 6.3 grms 
. . . 4. Reentry Random Vibration Criteria (60 sec plus 30 sec/mission in each ,:-is) 
Radial Axis Long. and Tang. Axes 
20 H z  @ 0.026 g 2 / ~ z  
20 - 250 H z  @ +6 dB/oct 
250 - 600 Hz @ 1.00 g 2 / ~ z  
600 - 2000 H z  @ - 12  dB loci 
2000 Hz  @ 0.033 g 2 / ~ z  
Curnposite = 50.2 grms 




3.5 - 5 Hz @ 1.0 G ' s  peak* 
5 - 10 Hz @ i .OG1speak  
6. Shock Test Criteria ( 2  shocks/axis) 
, 
See Tables V ,  I X  snd X .  
Composite = 6.4 grms 
Lateral Axes 
2 - 5 H z  Co 1 . 7  G ' s  peak* 
5 - 10 H z  @ 0.6 G I s  peak 
10 - 40 Hz @ I.'( G I s  peak 
* Design Criteria Only 
Subzone 8-3-1-B Input to Components Mounted on the  SRB Forward Skirt Skin 
o r  Stringers - Stations 433-395. Weight of Component 230 
but <69 lb. 
1. Acceptance Test Criteria (1 miniaxis) 
Rad a1 Axis Long. and Tang. Axes 
Composiie = 18.1. zrms Composite = 2.5 grms 
2. Lift-off Randcin Vibration Criteria (50  sec plus 10 sec/mission In each axis) 
Radial Axis Long. and Tdng. Axes 
Composite = 9 . 2  g Composite = 5 . 0  grms 
rms 
% 3. Boost Random Vibration Criteria ( 8 0  sec plus 40 sec/mission in each axis) 
C Radia! Axis Long. &-id Tang. A..tes 
Composite = 21.6  g 
r m s  
Composite = 5 . 0  g 
r m s  
4 .  Reentry Random Vibration Criteria ( 6 0  sec plus 30 sec/mission in each axis) 
. 
Radial Axis Long. and Tang. Axes 
20 Hz @ 0.026 g21Hz 
20 - 175 Hz @ +6 dB loct 
175 - 600 Hz @ 2 .00  g 2 / ~ z  
600 - 2000 Hz @ -12  dB /act 
2030 Hz @ 0.016  g 2 / ~ z  
Composite = 36 .8  grms 
5.  Vehicle Dynamics Criteria 
3.5 - 5 H z  @ 1 . 0  G's peak* 
5 - 40 Hz 6 1 .0  G ' s  peak 
6. Shock Test Criteria ( 2  shocks/axis) 
See Tablec V, I X  and X. 
20 Hz Cd 0 .016  g 2 / ~ z  
20 - 58 Hz @ + 3  dB loct 
58 - 150 Hz @ 0 .046  g 2 / ~ z  
150 - 225 Hz @ - 9  dB Ioct 
225 - 1000 Hz @ 0.014  g 2 / ~ z  
1000 - 2000 H Z  @ -6 dB /act 
2000 Hz @ 0.3035 g 2 / ~ n  
Composite = 5 . 0  g 
r m s  
Lateral Axes 
2 - 5 Hz @ 1 . 7  G's peak* 
5 - 10 H z  @ 0 , 6  G's peak 
10 - 40 H z  @ 1 . 7  G's peak 
* Design Criteria Only 
$ 
. 
. .. ? Subzone 8-3-1-C Input  to Components Mounted on  the SRB Forward Ski r t  Skin 
5 
\ 
o r  S t r i nge r s  - Stations 433-395. Weight of Component 260 Ib. 
' b e  1. Acceptance Tes t  Criteria ( 1 rnin laxis) 
Radial Axis Long. and  Tang.  Axes 
- 20 Hz @ 0.0065 g 2 / ~ z  20 Hz @ 0.00083 g 2 / ~ z  
20 - 140 Hz @ +6 dB/oct  20 - 100 Hz @ +6 dB Ioct 
140 - 600 Hz @ 0.32 g 2 / ~ z  100 - 150 HZ @ 0.021 g21Hz 
600 - 2000 Hz @ -12 dB !oct 150 - 310 Hz @ -9 dB Ioct 
2000 Hz @ 0.0028 g 2 / ~ z  310 - 1000 HZ 8 0.0022 g21Hz 
1000 - 2000 Hz @ -3 dB/oct  
- 2000 Hz @ 0.0011 g2/Hz 
Composite 15.1 grms Composite = 2.5 grms 
. 2. Lift-off Random Vibration Criteria (50 sec p lus  10 seclmission in  each axis)  
Radial Axis Long. and  Tang.  Axes 
20 Hz @ 0.0025 g 2 / ~ z  20 H. @ 0.0033 g21Hz 
20 - 115 Hz @ +6 dB1oct 20 - 100 Hz @ +6 dB Ioct 
115 - 603 Hz @ 0.080 g2/Hz 100 - 150 HZ @ 0.083 g 2 / ~ z  
600 - 2000 Hz @ -12  dB/oct  150 - 310 Hz @ -9 dB1oct 
2000 Hz @ 0.00065 g2/Hz 310 - 1000 HZ @ O.GO90 g 2 ~ ~ ~  
1000 - 2000 Hz @ -3  dB /oct 
2000 Hz @ 0.0045 g 2 ~ ~ z  
Composite = 7.6 grms Composite - 5.0 grms 
3.  Boost Random Vibration Criteria ( 8 0  sec plus 40 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 17 .5  grms Composite = 5 . 0  grmS 
4. Reentry Random Vibration Criteria ( 6 0  sec plus 30 seclmission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 30.2  g 
r m s  
5. Vehicle Dynamics Criteria 
Longitudinal --is 
3 . 5  - 5 Hz @ 1 . 0  G 1 s  peak* 
5  - 40 Hz @ 1 . 0  G ' s  peak 
Composite = 5 . 0  grms 
Lateral Axes 
2 - 5  IIz @ 1 . 7  G1s peak* 
5  - 10 H z  @ 0 .6  G1s peak 
10 - 40 H z  @ 1 . 7  G 1 s  peak 
6. Shock Test Criteria ( 2  shockslaxis) 
See Tables V ,  IX and X .  
I 
a 
* Design Criteria Only 
* 2 
Subzone 8-3-2 SRB Forward Skirt King at Station 424 (General Specifications) 
Same as Subzone 8- 3- 2-A below. 
Subzone 8-3-2-A Input to Components Mounted on the SRB Forward Skirt Ring a t  
Station 424. Weight of Component <20 Ib. 
1. Acceptance Test Criteria ( 1 min!oxjs) 
Radial Axis Long. and Tang. Axes 
Composite = 25.4 grms Composite = 19.8 grms 
2. Lift-off Randoin Vibratio,: Criteria (50 sec plus ID sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 13.1 g 
r m s  
Composite = 11.0 grins 
8-3-2-A (Con?.) 
3.  Boost Random Vibration Criteria (80 sec plus 40 seclmission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 34.1 g Composite = 27.9 grms 
FmS 
4.  Reentry Random Vibration Criteria (60 sec plus 30 sL:/mission in each axis) 
Radial Axis Long. bnd Tang. Axes 
Composite = 50.8 grms Composite = 39.7 grms 
5. Vehicle Dynsmics Criteria 
Longitudinal Axis Lateral Axes 
3.5 - 5 H z  @ 1.0 G I s  peak* 
5 - 4 0  H z  @ 1.0 G ' s  peak 
6. Shock Test Criteria ( 2  shockslaxis) 
See Tables V ,  IX and X. 
* Design Criteria Only 
2 - 5 H z  @ 1 .7  G's peak* 
5 - 10 Hz  @ 0.6 G's peak 
10 - 40 Hz  @ 1.7 GIs peak 
Subzone 8-T-2-B In ut t o C o m p o n e n t s M o u n t e d o n  t h e S R B  F o r w a r d s k i r t  R i n g a t  
2 4  Weight of Component S O  but c60 lb. 
1. Acceptance Tes t  Cri ter ia  ( 1  minlaxis) 
Radial Axis Long. and Tang. Axes 
20 Hz @ 0.035 g 2 1 ~ z  
20 - 340 Hz @ +3 dB Ioct 
340 - 700 Hz @ 0.58 g 2 / ~ z  
700 - 2000 Hz @ -9 dB1oct 
2000 Hz @ 0.025 g 2 ~ ~ z  
Composite = 21.9 grms 
20 Hz @ 0.050 g 2 / ~ z  
20 - 80 Hz @ +3 d B  Ioct 
80 - 1000 Hz @ 0.20 g 2 / ~ z  
1000 - 2000 Hz @ - 9 dB Ioct 
2000 Hz @ 9.025 g 2 1 ~ z  
Composite = 16.3 grms 
2. Lift-off Random Vibration Criteria (50 sec p lus  10 seclmission in each axis)  
Radial Axis Long. a n d  Tang.  Axes 
20 Hz @ 0.015 g 2 / ~ z  20 Hz @ 0.024 g2/Hz 
20 - 100 Hz @ +3 dB1oct 20 - 63 Hz @ +3 dB Ioct 
100 - 260 Hz @ 0.073 g 2 1 ~ z  63  - 150 Hz @ 0.075 g 2 / ~ z  
260 - 330 Hz @ +6 dB1oct 150 - 185 Hz @ -6 dB1oct 
330 - 800 Hz @ 0.12 g 2 / ~ z  185 - 1090 Hz 'il 0.050 g 2 / ~ z  
800 - 2000 HZ @ -9 dB l ~ t  i Q O O  - 2000 HZ @ -6 dB / ~ t  
2000 , @ 0.0077 g 2 / ~ z  2000 Hz @ 0.013 g2/Hz 
Composite = 10.9 grms Composite = 8.8 grms 
3. Boost Randon Vibration Criteria (80 sec p lus  40 seclmission in each axis)  
Radial Axis Long. and  ~ g .  Axes 
Composite = 28. b grms 
20 Hz @ d.069 g 2 / ~ ~ z  
20 - 52 H7 @ +3 dB/oct  
52 - 370 Ht  @ 0.18 g 2 / ~ z  
370 - 825 Hz @ +3 dB Ioct 
825 - 1250 Hz @ 0.40 g 2 / ~ z  
1250 - 2000 H z  @ -9 dB!oct 
2000 Hz @ 0.098 q 2 / ~ z  
Composite = 22.7 grmS 
% 4 .  Reentry Random Vibration Criteria (60 sec plus 30 secjmission in each axis) 
'% 
RP iial Axis Long. and Tong. Axes 
Composite = 4 3 . 9  grms 
5 .  Vehicle Dynamics Criteria 
Longitudinal Axis 
3.5 - 5 H z  @ 1.0 G's peak* 
5 - 40 Hz @ 1.0 G's peak 
6 .  Shock Test Criteria ( 2  shockslnxis) 
See Tables V ,  I X  and X .  
Composite = 32.7 grms 
Lateral Axes 
2 - 5 H z  @ 1 . 7  G's peak* 
5 - 10 H z  @ 0.6 G's peak 
10 - 40 H z  @ 1.7 G's peak 
. 
* Desigr, Criteria Only 
Subzone 8-3-2-C Input to Components Mounted on the SRB Forward Skirt Ring a: 
Station 424. Weight of Component .?GO 1L. 
1. Acceptance Test  Criteria ( I min /axis) 
Radial Axis Long. and Tang. Axes 
20 Hz Cd 0.032 g 2 / ~ z  
20 - 80 H z  @ + 3  dB loct 
80 - 1000 Hz @ 0.12 g 2 / ~ z  
1000 - 2000 Hz @ - 9  dB!oct 
2000 Hz @ 0.016 g 2 / ~ z  
Composite = 17.7 g Camposite = 12.9 grms 
r m s  
2. Lift-off Rando!ll Vibration Criteria (5G sec plus l G  sec!mission in each axisj  
Radial Axis Long. and Tang. Axes 
Composite = 8 . 9  grms Composite = 7 .1  grms 
3.  Boost Fiandorn Vibration Criteria (80  sec plus 40 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
20 Hz  @ 0.035 g 2 / ~ z  
20 - 225 IIz @ + 3  dBioct 
225 - 1050 H z  @ 3.42 g2/Hz 
1050 - 2000 Hz Cd - 9  dB Ioct 
2000 Hz  @ 0.061 g ? / ~ z  
20 I iz  @ 0.069 g 2 / ~ z  
20 - 35 tIz @ + 3  dB Ioct 
35 - 370 H Z  @ 0.12  $ / H Z  
370 - 770 H L  @ + 3  dB$ct 
770 - 1250 Hz @ 0 .25  guiEIz 
1250 -- 2000 HZ @ - 9  d B  /o,c~ 
L O O O  Hz  @ 0.061 g b / H z  
Composite = 23.5 grms Composite = 18.2 pFnls 
L r) 
* ,  
?a? 8-3-2-C (Cont .) 
.\ 4 .  Reentry Random Vibration Criteria (60 sec  p lus  30 seclmission in each axis)  
I Radial Axis Long. and  Tang.  Axes 
Composite = 3 5 . 5  grms Composite = 2 5 . 8  g r m s  
5. Vehicle Dynamics Criteria 
Longil udinal Axis Lateral Axes 
. 
6. Shock Test  Criteria ( 2  shocks/axis)  
Sec Tables V, I X  and X .  
. 
* Design Criteria Only 
2  - 5 H z  @ 1 . 7  G's peak* 
5 - 10 Hz @ 0.6 G ' s  peak 
10 - 40 Hz @ i . 7  GIs peak 
$ 6  
0% 
Subzone 8- 3-3 SRB Forward Skirt Ring at Station 401 (General Specifications) 
. f 
Same as  Subzone 8-3-3-A below. 
3.. 
i Subzone 8-3-3-A lnput to Components Mounted on the SRB Forward Skirt Ring at 
.. ~ Station 401. Weight of Component <20 lb. 
: 5- 
r. b-
. . 1. Acceptance Test Criteria ( 1  min /&%is) 
i Radial Axis Song. and Tang. Axes 
Composite = 15.7 grms Composite = 12.5 grms 
2. Lift-off Random Vibration Criteria (50 sec plus 10 sec/mission in each axis) 
Radial Axis 
Composite = 7.9 grms 
Long. and Tang. Axes 
Ccmposite = 6 .8  grms 
h ,  3 .  Boost Random Vibration Criteria (80 sec plus 40 sec/mission in uach axis) 
a 
Radial Axis Long. and Tang. Axes 
Composite = 2 1.8 grms CQF ;wsite = 17 5 g 
rms 
. 4. Reentry Random Vibration Criteria (60 sec: plus 20 stc/mission in each xis) 
Radial Axis Long. r: ? Tang.  Axes 
Composite = 31.4 gFms Composite = 25.0 gyms 
5. Vehicle Dynamics Criteria 
Longitudinsl Axis Lateral Axes 
3.5 - 5 H z  @ 1.0 G ' s  peak* 
5 - 40 H z  @ 1.0 GIs peak 
6. Shock Test Criteria ( 2  sh3cksIaxis) 
, See Tables V ,  IX and X .  
-, 
* Design Criteria Only 
I I .- , 
I 
2 - 5 H z  @ 1.7 G ' s  peak* 
5 - 10 H z  @ 0.6 G I s  peak 
10 - 40 Hz @ 1.7 G ' s  peak 
Subzonc 8-3-3-B In ut to Components Mounted on the SRB Forward Skirt king at 
0  Weight or Component 220 but CEO :b. 
1. Acceptance Test Criteria (1 min /axis) 
Radial Axis Long. and Tang. Axes 
Composite = 13.7  grms Composite - 1 0 . 3  grPs 
2. Lift-off Random Vibration Criteria (50  sec plus 10 sec /mission in each axis) 
Radial Axis Long. 2nd Tang. Axes 
Composite = 6.5 grms Composite = 5.6 grms 
3. Boost Random Vibration Cr!teria ( 8 0  sec plus 40 seclmission in each axis) 
Radial Axis L x g .  and Tang. Axes 
Composite = 1 8 . 2  grms Composite = 1 4 . 1  grms 
4 .  Zwntry Random Vibration Criteria (60 sec plirs 30 ;;ec/mission in each axis) 
Radial Axis Long. zna Tang. Axes 
Composite = 27.4 grns COI 2osite = 20.6 g 
rns  
5.  Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
3.5 - 5 H z  @ 1.0 G's peak* 
5 - 40 H z  @ 1.0 G's peak 
6. Shock Test Criteria (2 snockslaxis) 
See Tables V ,  I X  arid X .  
* Desigr. Criteria Only 
2 - 5 H z  @ I.': G's peak* 
5 - 10 Hz @ 0.6 GIs peak 
10 - 40 HZ @ 1.7  i ; ' ~  p e ~ k  
Subzone 8-3-3-C In ut to Components Mounted on the SRB Forward Skirt Ring at 
4 0 1  Weight of Component 260 ib. 
1. Acceptance Test Criteria (1 min /axis) 
Radial Axis Long. and Tang. Axes 
Composite = 10.9 grms Composite = 8.1  grms 
2.  LXt-off Rm": -.A Vibration Criteria (50 see plus 10 sec-mission in each axis) 
Rsdi.11 Axis Long. and Tang. Axes 
Composite = 5.3 grms Composite = 5.0 grms 
3. Boost Random Vibration Criteria (80 see plus 40 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 15.0 grms Composite - 11.2 grms 
.'*> : 8-3-3-C ( C o n t . )  
% 
% 4. Reentry  Random Vibration Criteria (60  sec p l u s  30 sec /miss ion in  e a c h  a x i s )  
1 Radial A x i s  Long.  and T a n g .  A x e s  
Composite = 21.8  grms 
20 Hz @ 0.040 g 2 / ~ z  
20 - 100 Hz @ + 3  d B / o c t  
100 - 1000 t iz  @ 0.20  g 2 ; ~ z  
1000 - 2000 Hz B -9  dB /act 
2000 Hz @ 0.025 g 2 / ~ z  
Composite = 1 6 . 3  grms 
5.  Vehicle Dynamics Criteria 
Longitudinal A x i s  Lateral A x e s  
3 ,5  - 5 Hz @ 1 .0  G ' s  peak* 
5 - 40 H z  @ 1 . 0  G's peak 
6 .  Shock T e s t  Criteria ( 2  s h o c k s / a x i s )  
S e e  Tab les  V ,  I X  a n d  >I. 
. 
* Design Criteria Only 
2 - 5 Hz @ 1 .7  C ' s  peak* 
5 - 10 H z  @ 0 . 6  G's peak 
10 - 40 Hz @ 1 . 7  C ' s  peak  
'i 
'*> Subzone 8- 4 SRB Forward Skirt Bulkhead (General Specifications) 
\ .  Same as Subzone 8-4-A below. 
I Subzone 8- 4-A Input to Compon~nts Mounted on the SRB Forward Skirt 
. * Bulkhead. Weight of Component <20  Ib . 
1. Acceptance Test Criteria ( 1 min/axis) 
Direction A Di-eciions B and C 
Composite = 16.2 grms 
2. Lift-off Randon, Vibr:~tion Criteria (50 sec plus 10 sec/mission in each axis) 
Direc~ion .\ Directions B and C 
Composite = 13.3 arms Composite = 6.7 grms 
' 3. Boost Random Vibration Criteria ( 80  sec plus 40 sec/mission in each axis) \ 
.a Direction A 
Composite = 2 2 . 9  grma 
Directions B and C 
Composite = 11.4 g 
r m s  
4. Reentry Random Vibration Criteria ( 60  sec plus 30 sec/mission in each axis) 
. 
Direction A Directions B and C 
Composite = 32 .5  grms 
5.  Vehicle Dynamics Criteria 
Longitudinal Axis 
3.5 - 5 Hz @ 0 .7  G's  peak* 
5 - ?O H z  B O.? G ' s  peak 
10 - 40 Hz @ 1.0  G's  peak 
* Design Criteria Only 
- 
Composite = 16.2 g 
r m s  
Lateral Axes 
2 - 5 Hz @ 4.3  G's peak* 
5 - 10 Hz @ 0 . 5  G's  peak 
10 - 40 Hz @ 4.3  G ' s  peak 
. . * L.y- 
1 
, I 
. ?  
< $ 
o? 
8- 4-A (Cont . ) 
i 6 .  Snock Test Criteria ( 2  shockslaxis) 
i 
a See Tables VII ,  IX and X .  
, .  Direction A - Perpendicular to Bulkhead 
Direction B - Tangential to Bulkhead 
Direction C - Tangential to Bulkhead, Perp ndicular to Direction B 
t 
S u b ~ o n e  8- 4-8 I n p u t  t o  Comporlents hlounted on  t h e  SRB Forward S k i r t  9 
i '  
Eulkhead .  Weight of Component 220 Gut <60 l b  . 
r 
a 1. Acceptance T e s t  Cr i ter ia  ( 1 min laxis)  




20 Hz @ 0.0075 g 2 / ~ z  
a 20 - 30 Hz @ + 3  dB1oct 
30 - 56 Hz @ 0.011 g21Hz 
56 - 146 Hz @ +9 dB1oct 
146 - 500 Hz @ 0.21 g 2 / ~ z  
500 - 2000 Hz @ - 9 d B  Ioct 
2000 Hz @ 0.0033 g 2 / ~ z  
Directions B a n d  C 
20 Hz @ 0.0019 g 2 / ~ z  
20 - 30 H z  @ +3 dB Ioct 
30 - 56 HZ @ 0.0028 g 2 / ~ ~  
56 - 146 Hz @ +9 d B / o c t  
146 - 500 Hz Q 0.053 g 2 / ~ z  
50C - 2000 Hz - 9 dB /oc t 
2000 Hz @ 0.00083 g 2 1 ~ z  
Composite = 11.4 g 
r m s  Composite = 5.7 grms 
2. Lift-off Random Vibration Crite7ia i50  sec p l u s  10 sec/mission in each ax i s )  
Direction A Directions B a n d  C 
Composite = 9.3 g 
r m s  
Composite = 5.0 g,,, 
3. Boost Random Vibration Cri ter ia  (80 sec  p l u s  40 secimission in  each  ax i s )  
Direction A Directions B a n d  C 
Composite = 16.1 grms 
I 
Composite = 8.0 grms 
4. Reentry Random Vibration Criteria (60 ssc p lus  30 secimission in each ax is )  
a Direction A Directions B a n d  C 
. . *  20 Hz @ 0.030 g 2 / ~ z  
20 - 30 Hz @ +3 dB Ioct 
30 - 56 Hr @ 0.045 g21Hz 
56 - 146 Hz @ +9 dB1oct 
146 - 500 Hz @ 0.83 g2!Hz 
500 - 2000 Hz @ -9  dB Ioct 
L 2000 Hz @ 0.013 g 2 / ~ z  
Composite = 22.8 grms 
. . 7 5. Vehicle Dynamics Criteria 
Longitudinal Axis 
3.5  - 5 Hz @ 0.7 G's peak* 
5 - 10 Hz @ 0.7 G's peak 
10 - 40 H z  @ l . O G f s  peak 
6. Shock Tes t  Criteria (2  shockslaxis)  
See Tables VII, IX and  X .  
20 Hz @ 0.0075 g 2 / ~ z  
20 - 30 H z  @ + 3  dBloct  
30 - 56 HZ @ t .011 g2/Hz 
56 - 146 Hz @ +9 dBloct  
146 - 500 Hz @ 0.21 g 2 / ~ z  
500 - 2000 Hz @ - 9 dB Ioct 
2000 Hz @ 0.0033 g 2 / ~ z  
Composite = 11.4 grms 
Lateral Axes 
2 - 5 Hz @ 4.3  G1s peak* 
5 - 10 Hz @ 0.5 G's peak 
10 - 40 Hz @ 4 . 3  G's peak 
Direction A - Perpendicular t o  Bulkhead 
Direction B - Tangential to  Bulkhead 
Direction C - Tangential to  Bulkhead,  Perpendicular to  Direction B 
* Design Criteria Only 
Subzone8-4-C I n  ut t o  Components Mounted on  t h e  SRB Forward S k i r t  
,* : -=  B u  khead . Weight of Component 260 lb . 
r 
$ .  1. Acceptance T e s t  Cr i t e r i a  ( 1  min /axis)  
a 
Direction A Directions B a n d  C 
. 
: i 20 - 46 HZ @ 0.0060 g 2 / ~ z  
. .. 46 - 115 IIz @ +9 dB/oc t  
I 115 - 500 Hz @ 0.090 g 2 / H z  500 - 2000 Hz @ -9 dB/oc t  
2000 Hz @ 0.0014 g 2 / ~ z  
b 
Composite = 7.6 grms Composite = 3.8 grms 
2. Lift-off Random Vibration Cr i t e r i a  (50 s e e  p l u s  10 sec/mission i n  each  ax i s )  
. .  Direction A Directions B a n d  C 
Composite - 6.2 grms Composite = 5.0 grms 
3.  Boost Random Vibration Cr i t e r i a  (80 sec p l u s  40 sec/mission i n  each ax i s )  
Direction A Directions B a n d  C 
20 - 96 HZ @ 0.012 g 2 / ~ ~  20 - 96 HZ @ 0.0030 ~ ~ I H Z  
96 - 180 Hz @ +15 dB oc t  1 96 - 180 Hz @ +15 dB/oc t  180 - 440 HZ @ 0.26 g /HZ 180 - 440 HZ @ 0.064 g 2 / ~ ~  
440 - 1050 Hz @ -12 d B / o c t  440 - 1050 Hz @ -12 d B  /oct 
1050 - 2000 Hz @ 0.0080 g 2 / ~ z  1050 - 2000 Hz @ 0.0020 g 2 / ~ z  
Composite = 10.9 grms Composite = 5 .1  grms 
' >  $ 
9 . .  8- 4-C (Cont . ) ? i: 
\ ,& 4. Reentry Random Vibration Criteria (60 sec p lus  30 seclmission in each axis) 
a Direction A 
+ 
.>. . G 20 - 46 HZ @ 0.024 g 2 / ~ ~  
46 - 115 Hz @ +9 dB1oct 
115 - 500 HZ @ 0.36 g 2 / ~ z  
500 - 2000 Hz @ -9 dB Ioct 
2000 Hz @ 0.0057 g 2 / ~ z  
Composite = 15.3 grms 
Directions B a n d  C 
20 - 46 HZ @ 0.0060 g 2 / ~ ~  
46 - 115 Hz @ +9 dB/oct  
115 - 500 HZ @ 0.090 g 2 / ~ ~  
500 - 2000 Hz @ -9 dB Ioct 
2220 Hz 0 0.0014 g 2 / ~ z  
Composite = 7.7 grms 
5. Vehicle Dynamics Cri ter ia  
1,ongitudinal Axis Lateral Axes 
3.5 - 5 Hz @ 0.7 G's peak* 
5 - 10 Hz @ 0.7 G1s peak  
10 - 40 Hz @ 1.0 G1s peak  
2 - 5 Hz @ 4.3 GIs peak* 
5 - 10 Hz @ 0.5 G's peak  
10 - 40 Hz @ 4.3 GIs peak  
6. Shoch Test  Criteria (2  shocks/axis)  
See Tables VII, IX and  X. 
LI Direction A - Perpendicular to  Bulkhead 
Direction B - Tangential  t o  Bulkhead 
Direction C - Tangential  to  Bulkhead, Perpendicular t o  Direction B 
* Design Criteria Only 
Portions of the following section (subzone 8-5) were updated as a result of the IS-2 
Ames (3.5%) Model Wind Tunnel Tests. New pages 105 through 120 provide revised 
Boost Randim Vibration Criteria, additional subzones, and revised Acceptance Test 
Criteria where dictated by changes in the Boost Random Criteria. These new pages 
should be used in conjunction with pages 88 through 104 for determining Design 
Test Criteria. 
a 
*. ; Subzone 8-5 SRB Forward S k i r t  Avionics Panels  (General  Specifications) 
I 
. , 1. Acceptance T e s t  Cr i t e r i a  ( 1  minlaxis)  
a 
> Radial Axis  Long. a n d  T a n g .  Axes  
20 H Z  @ 0.022 g 2 / ~ ~  20 Hz @ 0.0078 g2 Hz 
.$ # 20 - 43 Hz @ +6 dB1oct 20 - 39 Hz @ + 3  dB Ioct 
43 - 300 Hz @ 0.10 g 2 / ~ ~  39 - 102 HZ @ 0.015 g 2 / ~ ~  
30'J - 775 Hz @ -6 dB1oct 102 - 187 Hz @ +6 dB1oct 
775 - 1200 HZ @ 0.015 g 2 / ~ z  187 - 1500 HZ @ 0.050 g 2 / ~ z  
1200 - 2000 Hz @ -6 d B  /oct 1500 - 2000 Hz @ -6 d B  Ioct 
2000 Hz @ 0.0055 g 2 / ~ z  2000 Hz @ 0.028 g 2 / H z  
Composite = 7.6 grms Composite = 9.4 grms 
2. Lift-off Random Vibration Cr i t e r i a  (50 sec p l u s  10 sec/mission i n  each a x i s )  
Radial Axis Long. a n d  T a n g .  Axes  
Composite = 11.1 grms Composite = 11.5 grms 
3. Boost Random Vibration Cr i t e r i a  (80 sec p l u s  40 sec/missior, in s a c h  ax i s )  
Radial Axis Long. a n d  T a n g .  Axes 
20 Hz @ 0.088 g 2 1 ~ z  
20 - 43 Hz @ + 6  dB1oct 
43 - 300 Hz @ 0.40 g21Hz 
300 - 775 Hz @ -6 d F  Ioct 
775 - 1200 HZ @ 0.061, g 2 / ~ ~  
1200 - 2000 Hz @ -6 dB Ioct 
2000 H Z  @ 0.022 g 2 / ~ ~  
Composite = 15.3 grms Composite = ~ d .  9 krmS 
V . 
, ),, 
' 0  p' . 
% '1 4. Reentry Random Vibration Criteria (60 sec plus 30 sec/mission in each axis) 
* y R,adial Axis Long. and 'rang. Axes 
\ -1 
I . )  
20 H z  @ 0.35 g z l ~ z  
20 - 38 H z  @ + 6  dB1oct 
I 38 - 60 Hz @ 1.30 g 2 1 ~ z  
60 - 80 H Z  @ -12 dB10ct 
80 - 230 H z  @ 0.46 g 2 / ~ z  
230 - 2000 H z  @ -6 dB Ioct 
2000 H z  @ 0.0065 g 2 / ~ z  
Composite = 14.8 grms Composite = 14.3 grms 
. -  ' 5. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
3.5 - 5 H z  @ 1.0 G's peak* 
5 - 40 H z  @ 1.0 G's peak 
6. Shock Test Criteria ( 2  shockslaxis) 
C 
r See Tables 17, VI, I X  and X .  
* Design Criteria Only 
2 - 5 H z  B 1.7 G's peak* 
5 - 10 H z  @ 0.6 G ' s  peak 
10 - 40 H z  @ 1.7 GIs peak 
t .! 
> st Subzone 8- 5-A Qut - to  SRB Forward Skirt Avionics Panels. To td  Weight of 
Par-el and Components < 80 lb. 
\ 1. Acceptance Test Criteria ( 1  min laxis) 
C 
, \ .( Radial Axis 
. . 
20 H z  @ 0.014 g 2 / ~ z  
20 - 140 Hz @ +3 dB/oct 
140 - 300 H z  Q 0.10 g 2 / ~ z  
300 - 775 H z  @ -6 dB/oct 
775 - 1200 H Z  @ 0.015 ~ Z / H Z  
b 1200 - 2000 H z  @ -6 d B  /oct 
2000 Hz @ 0.0055 g 2 / ~ z  
Composite = 7.4 grms 
Long. and Tang. Axes 
Composite = 8.6 grIllS 
2. Lift-off Random Vibration Criteria (50 sec plus 10 sec/mission in each axis) 
i 
Radial .Axis Long. and Tang. Axes 
Composite = 10.9 grms Composite = 10.9 grms 
8-5-A (Coni . )  
3. Boost Random Vibration Cr i t e r i a  (80 sec p l ~ i  40 seclmission in  each ax i s )  
Radial Axis Long. a n d  T a n g .  Axes  
20 Hz @ 0.057 g 2 / H z  
20 - 140 Hz @ + 3  dB Ioct 
140 - 300 Hz @ 0.40 g2/t:z 
300 - 775 Hz @ -6 d B  Ioct 
775 - 1200 Hz @ 0.060 g2 /Hz  
1200 - 2000 Hz @ -6 dB Ioct 
2000 H Z  @ 0.022 ~ ~ I H Z  
Composite = 14.8 grms 
20 Hz @ 0.030 g 2 / ~ z  
20 - 40 Hz @ + 3  dB1oct 
40 - 135 Hz @ 0.060 g 2 / ~ z  
135 - 250 Hz @ +6 dB1oct 
250 - 400 Hz @ 0.20 g2/Hz 
400 - 520 HZ @ -15 dB I O C ~  
520 - 700 Hz @ 0.060 g21Hz 
700 - 900 Hz @ +15 dB1oct 
900 - 1500 Hz @ 0.20 g21Hz 
1500 - 2000 Hz @ -6 d B  Ioct 
2000 Ilz @ 0.11 g 2 ! ~ z  
4. Reen t ry  R a ~ d o m  Vibration Cri ter ia  (60 sec p l u s  30 seclmission ir? each a x i s )  
R a d i d  Axis Loag.  a n d  T a n g .  Axes  
Composite = 14.0 grms 
20 Hz @ 0.60 g 2 / ~ z  
20 - 30 Hz @ +3 d B  Ioct 
30 - 50 Hz @ 0.90 g 2 i ~ z  
50 - 80 Hz @ -12 dB1oct 
80 - 360 HZ @ 0.15 g21Hz 
360 - 480 Hz @ -- 15 dB Ioct 
480 - 600 HZ @ 0.040 g 2 / ~ ~  
600 - 750 Hz @ +9 d B  loct  
750 - 900 HZ @ 0.080 g 2 / ~ ~  
900 - 2000 Hz @ - 3 d B  Ioct 
2000 Hz @ 0.036 g 2 1 ~ z  
Composite = 13.0 grms 
3.5 - 5 Hz @ 1.0 G's peak* 
5 - 40 Hz @ l .OGts peak 
6 .  Shock Test Criteria ( 2  shockslaxis) 
See Tables V, IX and X .  
* Desigll Criteria Only 
8-5-A (Cont . ) 
5. Vehicle Dynamics Criteria Lateral Axes 
2 - 5 Hz @ 1 . 7  G's peak* 
5 - 10 Hz @ 0.6 G's peak 
10 - 40 Hz @ 1 . 7  G's peak 
a> Subzone 8-5-A-1 Input to Components Mounted on the SRB Forward Skirt 
Avionics Panels. Total Weight of Components On Panel ~ 2 0  lb. 
\ 
1. Acceptance Test Criteria ( 1 mintaxis) 
i 
9 Radial Axis Long. and Tang. Axes 
Composite = 7.6 grms Composite = 9.3 grms 
0 
2. Lift-off Random Vibration Criteria (50 sec plus 10 sectmission in each axis) 
Radial Axis Long. and Tang. Axes 
20 H z  @ 0.050 gZ/Hz 
20 - 40 H z  @ +6 dB ioct 
40 - 300 Hz @ 0.20 g2/ffz 
300 - 775 H z  @ -6 d B / y t  
775 - 1300 H z  @ 0.030 g- /Hz 
1500 - 2000 Hz @ -6 dB/oct 
2000 H Z  @ 0.017 g 2 i ~ z  
Composite = 11.1 g 
r m s  
Composite = 11.5 grms 
3. Boost Random Vibration Criteria (80 sec plus 40 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 15.3 g 
r m s  
Composite = 18.6 grms 
4. Reentry Random Vibration Criteria (60 sec plus 30 seclmission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 14.8 grms Composite = 14.3 gr,, 
5.  Vehicle Dynar.iics Criteria 
Longitudinal Axis  Lateral Axes 
3.5 - 5 Hz @ 1.0 G's peak* 
5 - 40 Hz @ 1.0 G I s  peak 
6. Shock Test Criteria ( 2  shockslaxis) 
See Table V I ,  IX and X .  
* Design Criteria Only 
2 - 5 Hz @ 1 . 7  G I s  peak* 
5 - 10 H z  @ 0.6 G's peak 
10 - 40 Hz @ 1.7 G's peak 
Subzone 8-5-B Input to SRB Forward Skirt Avionics Panels. Total Weight of 
r Panel and Components 180 but <I20 lb. 
' 1. Acceptance Test Criteria ( 1  minlaxis) 
1 Radial Axis Long. and Tang. Axes 
Composite = 6 . 9  grms Composite = 8.0 grms 
2.  Lif! -off Random Vibration Criteria (50 sec plus 10 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
Compor e = 10.1 g Composite = 10.2 grms 
rms 
8-5-B (Cont .) 
3. Boost Random Vibration Criteria (80  sec plus 40 seclmission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 13.9 grms Composite = 16.1 grms 
4.  Reentry Random Vibratior! Criteria (60 sec plus 30 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 13.0 grms Composite = 1 1 . 6  grms 
5 .  Vehicle Dynamics Criteria % 
2 Longitudinal Axis 
. 3.5 - 5 Hz @ 1.0 G's peak* 
5 - 40 Hz @ 1.0 G's peak 
6. Shock Test Criteria ( 2  shocks/axis) 
Lateral Axes 
2 - 'j Hz @ 1.7 G's peak* 
5 - 10 Hz @ 0.6 G's peak 
10 - 40 Hz @ 1.7 G's peak 
See Tables V ,  I X  and X . 
* Design Criteria Only 
. 
5 
d . Subzone 8-5-B-1 In ut t o  Components Mounted on t h e  SRB Forward Sk i r t  
,o? & Panels .  Total  Weight of Components on  Panel 
220 b u t  <60 Ib. 
P, " 
a 1. Acceptance T e s t  Cr i ter ia  (1 min /ax i s )  
. Radial Axis  Long. and T a n g .  A x e s  
20 Hz @ 0.022 g 2 / ~ z  
- - 
20 Hz C2 5.0075 g 2 / ~ z  
20 - 4 0 H z  @ + 6  dB1oct ;u - 40 Hz @ +3 dB1oct 
40 - 300 Hz @ 0.088 g 2 / ~ z  40 - 120 Hz @ 0.015 g 2 / ~ z  
300 - 800 Iiz @ -6 d B  /oct 120 - 200 Hz @ +6 dB1oct 
800 - 1200 Hz @ 0.012 g 2 / ~ z  200 - 1400 Hz @ 0.042 galHz 
'-2'3 - 2000 Hz @ -6 d B  Ioct 1400 - 2000 HZ @ -6 d B  Ioct 
2000 Hz @ 0.0045 g2 /Hz  2900 Hz @ 0.020 g 2 / ~ z  
C m p o s i t e  = 7.1  grms Composite = 8.5 grms 
2. Lift-off Random Vibration Cr i t e r i a  (50 sec p l u s  10 sec/mission i n  each ax i s )  
Radial Axis Long. a n d  T a n g .  Axes  
20 Hz @ 0.040  HZ 
20 - 40 Hz @ +3 dB1oct 
40 - i O O O  Hz Ca 0.080 g 2 / ~ z  
1000 - 2000 Hz @ -6 dB Ioct 
2000 Hz @ 0.020 g Z / ~ z  
Composite = 10.3 grms Composite = 10.9 grms 
3. Boost Random Vibration Criteria (80 sec  p l u s  40 seclmission in each ax i s )  
Radial Axis Long. a n d  T a n g .  Axes  
20 Hz @ 0.088 g 2 / ~ z  
20 - 30 Hz @ +6 d B  Ioct 
40 - 300 H Z  @ 0.35 g 2 / ~ ~  
300 - 800 Hz @ -6 dB/oc t  
800 - 1200 Hz @ 0.050 g2 /Hz  
1200 - 20110 Hz @ -6  dB /oct 
2090 Hz @ 0.018 g 2 / ~ z  
Composite = 14.3 g 
r m s  
Composite = 17.0 g 
rmh 
4 ! 3. 
:a$ . . 8-5-B-1 (Cont .) 
'i 
\ . 4.  Reentry Random Vibration Criteria (60 sec plus 30 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 13.9 grms Composite = 12.6 grms 
. 5. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
3 . 5  - 5 H z  @ 1.0 G I s  peak* 
5 - 40 H z  @ l . O G 1 s  peak 
6. Shock Test Criteria ( 2  shocks/axis) 
See Tables VI, IX and X .  
* Design Criteria Only 
2 - 5 H z  @ 1.7 GIs pe?k* 
5 - 10 H z  @ 0.6 GIs peak 
10 - 40 H z  @ 1.7 G's peak 
U , , 
@*~Y~.*.--.;  -I\* ," i b. . 1 
( 1  . ,o 9,. ' / 
, +. , # ?+'?'--" 
Subzone 8- 5-C In ut to SRB Forward Zkirt Avionics Panels. Total Weight 
o +- Panel and Components 2120 lb . 
i ; 1. Acceptance Test Criteria (1 minlaxis) 
- E 
Radial Axis 
Composite = 5. Ti' grms 
Long. and Tang. Axes 
Composite - 6 . 3  grrns 
2. Lift-off Random Vibration Criteria (50 sec plus 10 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
Compcsite = 8.6 grms Comp~site = 8.8 grmS 
, ,- a .,- 
. 8-5-C (Cont.) 
.+ 3. Boost Random Vibration Criteria (80 sec plus  40 seclmission in  each axis)  
.C ' Radial Axis Long. and  Tang.  Axes 
Composite = 11.5 grms 
20 Hz @ 0.031 g21Hz 
20 - 32 Hz @ +3 dB Ioct 
32 - 94 HZ @ 0.051) g 2 1 ~ z  
94 - 150 Hr @ +6 dB Ioct 
150 - 390 Hz @ 0.13 g 2 / ~ z  
300 - 380 Hz @ -15 dB1oct 
280 - 510 HZ @ 0.340 g 2 / ~ ~  
510 - 650 Hz @ +15 dB1oct 
650 - 1000 Hz @ 0.13 g 2 / ~ z  
1000 - 2000 Hz @ -6 dB/oet  
2000 HZ @ 0.033 ?':hi: 
Composite = 12.7 grrns 
, 4. Reentry Random Vibration Criteria (60 sec p lus  30 seclmission in each axis)  
Radial Axis Long. and  Tang.  Axes 
20 Hz @ 0.34 g 2 / ~ z  
20 - 30 Hz @ +3 dB Ioct 
30 - 50 HZ @ 0.50 g 2 / ~ ~  
50 - 58 Hz @ -9 dB1oct 
58 - 200 H Z  @ 0.32 g2/Hz 
200 - 2000 Hz @ -6 dB Ioct 
2000 Hz @ 0.0036 g 2 / ~ z  
20 Hz @ 0.60 g 2 / ~ z  
40 - 60 Hz @ -12 dB Ioct 
60 - 300 Hz @ 0.10 g2/oct 
300 - 400 HZ @ - 15 d B  / O C ~  
400 - 500 HZ @ 0.025 g 2 / ~ ~  
500 - 600 Hz @ +12 dB1oct 
600 - 800 HZ @ 0.054 g2/Hz 
800 - 2000 Hz @ -3 dB Ioct 
2000 H Z  @ 0.021 g 2 ~ ~ ~  
Composite = 10.9 grms Composite = 10.2 grms 
5 .  Vehicle Dynamics Criteria 
Longitudin~l Axis 
3.5 - 5 Hz 0 1.0 G 1 s  peak* 
5 - 40 Hz 0 1.0 G's peak 
Late: ! Axis 
2 -. 5 H Z  8 1.7 G1s peak* 
ti - 10 H z  0 0.6 G1s peak 
10 - 40 H z  @ 1.7 G's peak 
6. Shock Test Criteria ( 2  shockslaxis) 
See Tables V ,  IX  and X 
*Design Criteria Snly 
w 1 
Subzone 8-5-C-1 In ut to Components Mounted on the SRB Forward Skirt  Avionics 
&F Total Weight of Components On Panel 2 60 ib.  
1. Acceptance Test Critel'ia ( 1  min/axis) 
Radial Axis Long. and Tang. Axes 
Composite = 5.9 grms Composite = 6.8 gl,ms 
2. Lift-off Random ":',ration Criteria (50 sec plus 10 sec/missiUn 'n ear is 1 
Rtidib' Axis Long. and  tan^ Axes 
Composite = 8.8 grms Composite = 9.4  grms 
. Boc?st Random Vibration Criteria (80 sec pl1.1~ 40 seclmission in each axis) 
Padial Axis Long. 2nd Tang. Axes 
Composite = 11.8 grms Composite = 13.6 grms 
1 
'. f 
, . . . 
'* 5 
Q-5-C- 1 (Cont . ) 
I 4. R e e n t r y  Random Vibration Cr i t e r i a  (60 s e c  p l u s  30 sec/mission in  each axis) 
.5, 
Z Radial Axis Long. qnd T a n g .  Axes  
> .  
20 H z  @ 0.34 g21Hz 
20 - 34 H z  @ +6 dB1oc.t 
34 - ~ O H Z  @ 1.00 ~ ~ I H Z  
60 - 80 Hz  (3-12 dB/oc t  
': 80 - 200 H Z  @ 0.32 g S - / ~ ~  200 - 2000 Hz @ -6 d B  Ioct 
2000 H z  @ 0.0036 g 2 l ~ z  
. , 
Composite = 11.3 grms 
! 5. Vehicle Dynamics Cr i t e r i a  
. 
Longitudinal A r i s  
5.5 - 5 !z @ 1.0 G's peait': 
5 - 40 Hz @ l . O G 1 s  peak  
6. Shock T e s t  Cr i ter ia  ( 2  shocks /ax i s )  
See Tables  V I ,  I X  a n d  X .  
. 
* Design Cri ter ia  Only 
20 - 40 Hz 2 0.60 g a / ~ z  
40 - 6< Hz @ - 1 2 d B I 0 c t  
60 - 420 H z  @ 0.10 g21Hz 
42b - 2000 _F:z Cd - 3  d B / o ~ t  
2000 f?z @ 0.02: g2 'Hz 
Composite = 10.3 grms 
Lateral  Axes 
2 - 5 Hz @ 1.7 G1s peak*  
5 - 10 Hz @ 0.6 G's pes l -  
l G  - 40 Hz @ 1.7  S's p e a k  
Subzone 8-5 SRB Forward Skirt Avionics Panels (General Specifications) 
1. Acceptance Test Criteria (1  min laxis) 
Radial Axis Long. and Tang. Axis 
Composite = 8.2 grms Composite = 10.6 grms 
2. Boost Random Vibration Criteria (80 sec plus 40 sec/mission in each axis) 
C 
a Radial Axis Inng. and Tang. Axes 
Composite = 16.5 grms Composite = 21.2 grms 
Subzone 8-5- 1 SRB Forward Skirt Avionics Panels - +135O from Y axis 
opposite the ET (General Specifications) 
1. Acceptance Test Criteria ( 1 minlaxis) 
Radial Axis Long. and Tang. Axes 
20 H z  @ 0.050 g z ~ ~ z  
20 - 40 H z  @ +6 dB1oct 
40 - 300 H z  @ 0.050 g z l ~ z  
300 - 650 H z  @ - 6  dB1oct 
650 - 1400 Hz @ 0.021 g21Hz 
1400 - 2000 Hz @ -6  d F Ioct 
2000 H Z  @ 0.010 
20 Hz @ 0.010 g 2 / ~ z  
20 - 40 Hz @ +3 dB loct 
40 - 155 Hz @ 0.020 g - 3 1 ~ ~  
155 - 300 Hz @ +6 dB/oct 
300 - 1500 Hz @ 0.070 g2lHz 
1500 - 2000 Hz @ - 3  dB1oct 
2000 Hz @ 0.050 g2/Hz 
Composite = 8.2  grms Composite = 11.1 grms 
- Subzone 8-5-1 (Cont. ) 
0: 
2. Boost Random Vibration Criteria (80 sec plus 40 sec/mission in each axis) 
\ -' 
a Radial Axis Long. and Tang. Axes 
2 G  Hz @ 0.10 g2/Hz 
20 - 40 Hz @ +6 dB/oct 
40 - 3Q0 Hz @ 0.40 g2/Hz 
300 - 650 Hz Q -6 dB/cyt 
650 - 1400 Hz @ 0.085 gd/Hz 
1400 - 2000 Hz @ -6 dB Ioct 
2000 Hz @ 9.942 g2!~z  
Composite = 16.5 gyms Composite = 22.2 g 
r m s  
. Subzone 8-5-1-A Input to SRB Forward Skirt Avionics Panels - 2135O from Y axis 
opposite ET. Total Weight of Panel and Con~ponents < 80 Ib. 
1. Acceptance Test Criteria ( 1 minlaxis) 
Radial Axis 
Composite = 8.1 g 
r m  s 
h n g .  and Tang. Axes 
i z  @ 0.010 ~ ~ I H Z  
i z  @ +3 dB1oct 
-lz @ 0.020 
-lz @ +6 dB /oct 
i z  @ 0.050 g B ~ ~ z  
iz @ -15 dB /oct 
IZ @ 0.021 
-lz @ +15 dB Ioct 
l z  @ 0.050 g2/Hz 
-Iz @ -3 dB/oct 
i z  @ 0.038 g2/Hz 
> Subzone 8- 5- 1-A (Cont . 1 
- \  
0 - 
2. Boost Randam Vibration Criteria (80 sec plus 40 seclmission in each axis) r 
Radial Axis 
20 Hz @ 0.080 g 2 / ~ z  
20 - 100 Hz @ +3 dE loct 
100 - 300 Hz @ 0.40 g2/Hz 
300 - 650 HZ @ -6 CBIOC~ 
650 - 1400 Hz @ 0.085 g Z / ~ z  
i400 - 2000 FIz @ -6 dB/oct 
2000 Hz @ 0.042 g 2 / ~ z  
Long. and Tang. Axes 
20 Hz @ 0.Q40 g21Hz 
20 - 40 Hz @ +3 dB1oct 
40 - 155 Hz @ 0.080 g 2 / ~ z  
155 - 245 Hz @ +6 d B , ' ~ t  
245 - 400 Hz @ 0.20 g 2 i ~ z  
400 - 475 Hz @ -15 dB Ioct 
475 - 750 Hz @ O.(r34 g2/Hz 
750 - 890 Hz @ +15 dB1oct 
890 - 1500 Hz @ 0.20 g21Hz 
1500 - 2000 Hz @ -3 d B l x t  
2000 Hz @ 0.15 g 2 1 ~ z  
Composite = 1 5.2 grms Composite = 17.7 grms 
Subzone 8-5-1-A-1 Input to  Components mounted on the  SRB Forward Skirt Avionics 
Panels - k135O from Y axis opposite the ET. Total Weight of 
Components on Panel <20 Ib. 
1. Acceptance Test Criteria (1  miniaxis) 
Radial Axis Long. and Tang. Axes 
Composite = 8.2 grms Composite = 11.1 grms 
-5 Subzone 8- 5-1-A-1 (Cont . ) 
2. Eoost Rand0111 Vibration Criteria (80 sec plus 80 seclmission in each axis)  
s .  
a Radial Axis Long. and Tang. Axes 
i. 
- ,  
20 HZ @ 0.10 g 2 / ~ ~  
20 - 40 H2 @ +6 dB loct 
40 - 300 Ha. @ 0.40 ~ ~ I H Z  
300 - 650 Hz @ -6 1BIoct 
, 650 - 1400 H:: @ 0.085 g2/Hz 
1400 - 2000 H:z @ -6 d B /act 
2000 H z  @ 0.042 g2/oct 
Composi?e = 22.2 g,,
Subzone 8-5-1-B Input  to SRB Forward Ski r t  Avionics Panels - 2135O from Y 
axis opposite the ET. Total Weight of Components 280 b u t  
<I20 Ib. 
1. Acceptance Tes t  Cri ter ia  (1 minlaxis) 
Radial Axis Long. a n d  Tang.  Axes 
20 Hz @ 0.020 g2/Hz 20 Hz @ 0.0085 g 2 / ~ z  
20 - 88 Hz @ +3 dB1oct 20 - 40 Hz @ +3 dB Ioct 
88 - 300 HZ @ 0.088 g 2 / ~ ~  40 - 155 Hz @ 0.017 g21Hz 
300 - 650 Hz @ -6 dBloc t  155 - 250 Hz @ +6 dB1oct 
650 - 1400 HZ @ 0.018 ~ ~ L I H Z  250 - 400 HZ @ 0.042 g 2 1 ~ z  
1400 - 2000 Hz @ -6 dB1oct 400 - 480 Hz @ -15 dB Ioct 
2000 HZ @ 0.0090 ~ 2 1 ~ 2  480 - 750 HZ @ 0.018 g 2 1 H ~  
750 - 970 Hz @ +15 dB1oct 
970 - 1500 Hz @ 0.042 g2/Hz 
1500 - 2000 Hz @ -3 dB1oc.l 
2000 Hz @ 0.032 g2/Hz 
Composite = 7.6 gpms Composite = 8.1 grms 
2. Boost Random Vibration Criteria (80 sec p lus  40 seclmission in each axis) 
Radial Axis Long. a n d  Tang.  Axes 
20 Hz @ 0.08@ g 2 / ~ z  
20 - 88 Hz @ + 3  dB1oct 
88 - 300 Hz @ 0.35 g 2 / ~ z  
300 - 650 Hz @ -6 d Bloct  
650 - 1400 Hz @ 9.074 g 2 / ~ z  
1400 - 2000 Hz 3 -6 dB Ioct 
2000 Hz @ 0.036 g21Hz 
Composite = 15.2 grms 
:z @ 0.034 g2/Hz 
:z @ +3 d Bloc t  
:z @ 0.068 g 2 / ~ z  
:z @ +6 dB1oct 
:z @ 0.17 g 2 / ~ z  
!z @ -15 dB Ioct 
!z @ 0.071 g2/Hz 
:z C! +15 dB /oct 
:z @ 0.17 g 2 / ~ z  
:z @ -3 dB1cot 
:z @ 0.13 g 2 / ~ z  
Composite = 16.3 grms 





Subzone 8-5-1-B-1 I n  ut to Components Mounted on t h e  SRB Forward S k i r t  
.\ Kvgo?i Panels  - 1135O from Y a x i s  opposi te  t h e  ET. Total  Weight of Components on  Panel  220 but c60 lb .  
Z 
1. Acceptance T e s t  Cr i t e r i a  ( 1  minlaxis)  
Radial Axis Long. a n d  Tang .  Axes  
20 H Z  @ 0.022 20 Hz @ 0.0085 g 2 / ~ z  
20 - 30 Hz @ +6 d B  Ioct 20 - 40 Hz @ +3 dB Ioct 
30 - 300 Hz @ 0.088 g 2 / ~ z  40 - 155 Hz @ 0.017 g 2 1 ~ z  
- 300 - 650 Hz @ -6 dB!oct 155 - 300 Hz @ +6 dB Ioct 
650 - 1400 Hz @ 0.018 g2 /Hz  300 - 1500 Hz @ 0.060 g 2 l ~ z  
1400 - 2000 Iiz @ -6 dB/oc t  1500 - 2000 Hz @ - 3  dB ioct  
2000 Hz @ 0.0092 g2 /Hz  2000 Hz @ 0.045 g 2 / ~ z  
Composite = 7.7 grms Composite = 10.3 grms 
2. Boost Random Vibration Cr i t e r i a  (80 sec p l u s  40 seclmission i n  each ax i s )  
Radial Axis Long. a n d  T a n g .  Axes  
20 Hz @ 0.088 g 2 / ~ z  
20 - 30 Hz @ +6 dB/oc t  
30 - 300 HZ @ 0.35 g 2 / ~ z  
300 - 650 Hz @ -6 d B  Ioct 
650 - 1400 HZ @ 0.074 g 2 ~ ~ ~  
1400 - 2000 Hz @ -6 d B  Ioct 
2000 Hz @ 0.037 g 2 1 ~ z  
20 Hz @ 0.034 g2 /Hz  
2 0 -  4 0 H z  @ + 3  dB/oct  
40 - 155 Hz @ 0.068 g 2 / ~ z  
155 - 290 Hz @ +6 d B  Ioct 
290 - 1500 Hz @ 0.24 g 2 / ~ z  
1500 - 2000 Hz @ - 3  dB1oct 
2000 Hz @ 0.18 g 2 1 ~ z  
Composite = 15.5 g Composite = 20.4 grrns r m  s 
. ' * 
r: Subzone 8-5-1-C I n p u t  t o  SRB Forward S k i r t  Avionics Panels - ?135* from Y a x i s  
opposi te  t h e  ET . Total Weight of Panel a n d  Components 2120 lb .  \ ' 
Z 1. Acceptance T e s t  Cr i ter ia  ( 1 min /axis)  
. Q Radial Axis Long. a n d  T a n g .  Axes  
Composite = 6.8 grms Composite = 7.1 gyms 
2. Boost Random Vibration Cri ter ia  (80 s e c  p l u s  40 seclmissior. i l  each a x i s )  
Radial Axis 
Composite = 13.7 grms 
Long. and T a n g .  Axes  
20 Hz @ 0.026 g 2 / ~ z  
20 - 4 0 H z  @ + 3  dB/oc t  
40 - 155 I.lz @ 0.052 g 2 / ~ z  
155 - 245 Hz @ +6 dB/oc t  
245 - 400 Hz @ 0.23 g 2 / ~ z  
400 - 475 H Z  @ -15 dB/oc t  
475 - 750 Hz @ 0.055 g 2 / ~ z  
750 - 370 H z  @ +15 dB 'oct i 970 - 1500 Hz @ 0.13 g /Hz 
1500 - 2063 H z  @ - 3  dB /cot 
2000 Hz @ 0.095 g 2 / ~ z  
Composite = 14.3 grms 
Subzone 8-5-1-C-1 Input to Components Mounted on the SRB Forward Skirt Avionics 
Panels - t135O from Y axis opposite the ET. Total Weight of 
Components 260 lb. 
1. Acceptance Test Criteria (1 rnin laxis) 
Radial Axis Long. and Tang. Axes 
Compcsite = 6.9 grms Composite = 8.9 grms 
2 .  Boost Random Vibration Criteria (80 sec plus 40 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 13.9 grms Composite = 17.8 grms 
Subzone 8- 5- 2 SRB Forward Skirt Avionics - t45O from Y axis adjacent to ET. 
( General Specifications) 
1. Acceptance Test Criteria (1 minlaxis) 
Radial Axis Long. and Tang. Axes 
Compoaite = 8.2 g 
rms 
Composite = 10.6 grms 
2. Boost Rcndom Vibration Criteria (80 sec plus 40 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 16.5 grms Composite = 21.2 g 
rms 
Subzonz 8-5-2-A - Input to SRB Forward Skirt Avionics Panels - +45O from Y axis 
adjacent to ET. Total Weight of Panel ar,d Componznts e80  lb. 
. Acceptance Test Criteria ( 1 min /axis) 
Radial Axis Long. and Tang. Axes 
Composite = 8.1 g 
rms 
Composite = 8.9 grms 
2 .  Boost Random Vibration Criteria ( 8 0  sec plus 40 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 16.2 g 
rms 
Composite = 17.9 grms 
'1 - 
I .' $ \ .. - ; 1.. . ,  .*-;. *' I ' / , r /  . 
* I( 
f 
*: Subzone 8-5-2-A-1 In  ut t o  Componen' Mounted o n  t h e  SRB Forward  S k i r t  Avionics 
c, : '  *- 245O from A a x i s  adjacent t o  ET. Total  Weight of Components o n  Panel <20 lb. I 
i. 
1. Acceptance T e s t  Cr i ter ia  ( 1  min lax i s )  
,\ . + 
' j Radial Axis Long. a n d  T a n g .  A x e s  
20 Hz @ 0.050 g 2 / ~ z  
20 - 40 Hz La +6 dBloc t  
40 - 300 Hz @ 0.050 g 2 / ~ z  
2 300 - 650 Hz @ -6 d B  10ct 
650 - 1400 Hz @ 0.021 g 2 / ~ z  
1400 - 2000 Hz @ -6 d B  Ioct 
2000 H Z  @ 0.010 
Composite = 8 * 2  grms  Composite = 10.6 grms 
2. Boost Random Vibration Cr i t e r i a  (80 sec p l u s  40 seclmission i n  each  ax i s )  
Radial Axis  
Composite = 16.5 grms 
20 H Z  0.10 ~ ~ I H Z  
20 - 40 Hz @ +6 dB/oc t  
40 - 300 Hz @ 0.40 g 2 / ~ z  
300 - 650 Hz @ -6 d B  Ioct 
650 - 1400 Hz @ 0.085 g 2 1 ~ z  
1400 - 2000 Hz @ -6 d B  Ioct 
2000 Hz @ 0.042 g 2 / ~ z  
Long. a n d  T a n g .  Axes  
20 Hz @ 0.039 g 2 1 ~ z  
20 - 87 Hz @ +3 d B  Ioct 
87 - 230 Hz @ 0.17 g21Hz 
230 - 250 Hz @ +6 d B  Ioct 
250 - 900 Hz @ 0.20 g 2 / ~ z  
900 - 965 Hz @ +15 dB oct  1 965 - 1500 Hz @ 0.28 g /Hz 
1500 - 2000 Hz @ -3 d B  Ioct 
2000 Hz @ 0.21 g2lHz 
Composite = 21.2 grms 
Y , .' 
.., 
It 1 1 , 
!$ 
I 
. . a. 
r> Subzone 8-5-2-B I n p u t  t o  5RB Forward S k i r t  Avionics Panels  - k45O frorn Y a x i s  
,- adjacent t o  ET. 'i'otal weight of Panel a n d  Components 280 
1 
t - 4  b u t  c i 2 0  Ib. 
t 
. 1. Acceptance T e s t  Cr i ter ia  ( 1  minlaxis)  
' . *  Radial Axis Long. and T a n g .  Axes  
20 H Z  @ 0.20 ~ ~ I H Z  
20 - 88 Hz @ +3 d B  Ioct 
88 - 300 HZ @ 0.088 : ~ / H Z  
300 - 650 Hz @ -6 dB1oct 
650 - 1400 E Z  @ 0.018 g 2 / ~ z  
i 1400 - 2000 Hz @ -6 dB1oct 
2000 Hz @ 0.0090 g:; '~z 
20 Hz (;t 1,.0080 g k l ~ z  
20 - 87 H L d + 3  dB Ioct 
87 -- 230 Hz @ 0.035 g2 /Hz  
230 - 250 Hz @ +6 dB1oct 
250 -- 400 Hz @ 0.042 g 2 / t l z  
400 - 480 HZ @ -15 dB / O C ~  
480 - 750 Hz @ 0.018 g 2 1 ~ z  
750 970 Hz @ +15 dB /oct 
970 - 1500 Hz @ 0.042 g 2 / ~ z  
1500 - 2000 Hz @ - 3 d B  /act 
2000 Ilz @ 0.032 g21Hz 
Composite = 7.6 grms Composite = 8.3  grms 
2. Boost Random Vibration Cri ter ia  (80 sec p l u s  40 sec/mission in each ax i s )  
Radial Axis Long. a n d  T a n g .  Axes 
20 Hz @ 0.080 g 2 / ~ z  
20 - 88 Hz @ + 3  dB/oc t  
88 - 300 Hz @ 0.35 g 2 / ~ z  
300 - 650 Hz @ -6 d B  Ioct 
650 - 1400 HZ @ 0.074 g 2 / H z  
1400 - 2000 Hz @ -6 d B  ioct 
2000 Hz @ 0.036 g 2 / H z  
Composite = 15.2 grms Composite = 16.6 grms 
i 
> 
4 Subzone 8-5-2-5- 1 Input  t o  Components Mounted on the SRB Forward Ski r t  Avionicv 
- 
t, 
Panels - t45O from Y axis  adjacent to ET . Total Weight of 
Components on  Pane? L?O bu t  <60 Ib. 
T 
1. Acceptance Tes t  Cri ter ia  ( 1  miniaxis) 
* 
. 1 Radial Axis Long. a n d  Tang.  Axes 
20 H Z  @ 0.022 g 2 / ~ ~  20 Hz 8 0.0082 g 2 1 ~ z  
20 - 30 Hz @ +6 dBloc t  20 - 87 Hz @ +3 dB1oct 
30 - 300 Hz 0 0.088 g 2 / ~ z  87 - 230 Hz Q 0.035 g a l h z  
300 - 650 H z  @ -6 dBloct  230 - 250 Hz @ +6 dB1oct 
650 - 1400 Hz @ 0.018 a 2 / ~ z  250 - 900 Hz 8 0.042 galHz 
1400 - 2000 Hz @ -6 dB/oct 900 - 970 Hz @ +15 dB loct 
2000 Hz @ 0.0092 g 2 1 ~ z  973 - 1500 HZ @ 0.060 g 2 1 ~ z  
15GO - 2000 h z  @ -3 dB/oct 
2000 Hz @ 0. G45 galHz 
Composite = 7.'7 grms Composite - 9.7 g,,ms 
2. Boost Random Vibration Cri ter ia  (80 sec p lus  40 seclmission in e ~ c h  axis) 
Radial Axis Long. a n d  Tang.  Axes 
Composite = 15.5 grms Composite = 3.9.5 grms 
Subzone 8-5-2-C In u t  to SRB Forward Skir t  Avionics Panels - +45O from Y axis  & to ET. Total Weight of Panel and  Components 2120 1b. 
1. Acceptance Test Criteria ( 1  min /axis) 
Radial Axis Long. and Tang.  Axes 
80 Hz @ 0.020 g2/Hz 
20 - 70 Hz @ +3 dB/oct 
70 - 300 H Z  @ 0.070 gP/Hz 
300 - 650 Hz @ -6 dB/oct 
650 - 1400 H Z  @ 0.015 g2/Hz 
1400 - 2000 H z  @ -6 dB/oct 
2000 Iiz @ 0.072 g 2 / ~ z  
Composite = 6.8 grms Composite = 7.2 grms 
2. Boost Random Vibration Criteria (80 sec plus  40 sec/mission in each axis) 
Radial Axis Long. and  Tang.  Axes 
Composite = 13.7 grms Composite = 14.5 grms 
Subzone 8-5-2-C-1 Input  t o  Components Mounted on t h e  SRB Forward Ski r t  Avionics 
Panels - f45O from Y axis adjacent t o  ET. Total Weight of 
C o m p o ~ e n t s  260 Ib . 
1. Acceptance Test  Criteria ( 1  minlaxis) 
Radial Axis Long. and  Tang.  Axes 
20 Hz @ 0.038 g2/Hz 20 Hz @ 0.0062 g 2 / ~ z  
20 - 27 Hz @ +6 dB1oct 20 - 87 Hz @ +3 dB Ioct 
27 - 300 Hz @ 0.070 g 2 1 ~ z  87 - 230 Hz @ 0.028 g 2 / ~ z  
300 - 650 HZ @ -6 dB10ct 230 - 250 HZ @ +6 dB i ~ t  
650 - 1400 Hz @ 0.015 g2/Hz 250 - 900 Hz @ 0.032 g 2 / ~ z  
1400 - 2000 Hz @ -6 dB Ioct 900 - 970 Hz @ +15 dB/oct  
2000 Hz @ 0.0072 g 2 / ~ z  970 - 1500 Hz @ 0.045 gZ/Hz 
1500 - 2000 Hz @ -3  dF /oc t  
2000 Hz @ 0.035 g 2 i ~ z  
Composite = 6.9 grms Composite = 8.5 grmS 
2. Boost Random Vibration Criteria (80 sec p lus  40 sec/mission on each ax is )  
Radial Axis Lcvng. and  Tang.  Axes 
Composite = 13.9 grms 
20 Hz @ 0.025 g Z / ~ z  
20 - 87 Hz @ +3 dB/oct  
8 7 -  2 3 0 H z @ 0 . 1 1 g 2  . 
230 - 250 Hz @ +6 dB Ioc. 
250 - 900 Hz @ 0.13 g 2 / ~ z  
900 - 965 Hz @ +15 dB4oct 
965 - 1500 Hz @ 0.18 g-/HZ 
1500 - 2000 Hz @ -3 dB/oct  
2000 H z  @ 0.14 g 2 / ~ z  
Composite = 17.1 grms 
I 
.> . 
f zone 9 SRB Nose Cone 
Subzone 9-1 SRB Frustum - Stations 395-275 (General Specifications) 
i 
Same as SubzonL 9 A ~ - A  below. 
Subzone 4 1 - A  input to Components Mounted on the SRB Frustum - Stations 
395-275. Weight of Compontnt < L O  lb. 
1. Acceptance Test Criteria ( 1  minlaxis) 
Radial Axis Long. and Tang. Axes 
Composite = 6.6 grms Corr.posite = 4.7 grms 
2. Lift-off Random Vibration Criteria (50 scc plus 10 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 5.9 grms Composite = 5.0 grms 
\ 3. Boost Random Vibration Criteria (80 see pills 40 sec/mission in each axis) 
Z Radial Axis Long. and Tang. Axes 
Composite = 9.2 grms Composite = 5.4 grms 
4. Reentry Random Vibration Criteria (60 sec plus 30 sec/rnission in each axis) 
Radial Axis Long. and Tang. Axes 
20 - 800 H Z  @ 0.080 g 2 / ~ ~  
800 - 2000 H z  @ - 9 dB Ioct 
2000 H z  @ 0.0052 g 2 / ~ z  
Composite = 13.2 grms Composite = 9.5 grms 
5. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
3.5 - 5 H z  @ 0.7  G ' s  peak* 
5 - 10 H z  @ 0.7 G 1 s  peak 
10 - 40 Hz @ 1.0 G ' s  peak 
6. Shock Test Criteria ( 2  shocks/axis) 
See Tables V I I I .  IX and X. 
* Design Criteria Only 
2 - 5 H z  @ 4.3 G1s  peak* 
5 - 10 H z  @ 0.5 C's peak 
10 - 40 H z  @ 4.3 G's  peak 
t '  
:- Subzone 9- 1-B Input  to  Components Mounted on t h e  SRB Frustum - Stations 
? 
2- 
395-275. Weight of Component 210 but  <25 lb.  1 
. , \ :nZ 




Long. and  Tang. Axes 
20 - 50 HZ @ 0.050 ~ ~ I H Z  20 - 800 HZ @ 0.014 g 2 / ~ ~  
50 - 62 Hz @ -6 dB/oct  800 - 2000 Hz @ - 9 dB toct 
62 - 600 H Z  @ 0.032 g 2 / ~ ~  2000 Hz @ 0.00088 g 2 / ~ z  
600 - 2000 Hz @ -9 dB1oct 
2000 Hz @ Q.00090 g 2 ~ ~ z  
L 
! Composite = 5.3 grms Composite = 3.9 grms 
2. Lift-off Random Vibration C ~ i t e r i a  (50 sec  plus  10 seclmission in each axis) 
. 
Radial Axis Long. and  Tang.  Axes 
20 Hz @ 0.017 g 2 / ~ z  20 Hz @ 0.011 g2/Hz 
20 - 28 Hz 3 +3 dB10ct 20 - 40 Hz @ +3 d B / ~ c t  
28 - 800 H Z  @ 0.023 g 2 / ~ ~  40 - 900 HI. @ 0.022 gatHz 
800 - 2000 Hz @ - 1 2  dB/oct 900 - 2000 Hz @ -12 dB Ioct 
2000 Hz @ 0.00069 g 2 / ~ z  2000 ilz @ 0.00090 g 2 1 ~ z  
Composite = 5.0 g 
rrns 
Composite = 5.0 grms 
3. Boost R a ~ d o m  Vibration Criteria (80 sec  p lus  40 sec/mission in each axis) 
Radial Axis Long. and Tang.  Axes ; 
Composite = 7.5 grms Composite = 5.0 grrns 
4. Reentry Random Vibration Criteria (60 sec plus 30 seclmission in each axis) 
Radial Axis h n g .  and Tang. Axes 
Composite = 10.7 grms Composite = 7.8 grms 
5. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
3 . 5  - 5 H z  @ 0.7 G ' s  peak* 
5 - 10 H z  @ 0.7 G 1 s  peak 
10 - 40 H z  @ 1.0 G's pzak 
6.  Shock Test Criteria ( 2  shockslaxis) 
See Tables V I I I ,  IX  and X. 
* Design Criteria Only 
2 - 5 H z  @ 4.3 G ' s  peak* 
5 - 10 H z  @ 0.5 G 1 s  peak 
10 - 40 H z  @ 4.3 G1s peak 
r a 
Subzone 9-1-C I n p u t  t o  Components Mounted o n  t h e  SRB Frustum - Stat ions  
595-275. Weight of Component 125 lb. , J 4 '  . 
1. Acceptance T e s t  Cr i t e r i a  ( 1 min /axis)  
Radial Axis  Long. a n d  T a n g .  Axes 
Composite = 4.3 grms Composite = 3.0 grms 
2. Lift-off Random Vibration Cr i t e r i a  (50 sec plus 10 sec/mission i n  each  a x i s )  
Radial Axis Long. a n d  T a n g .  Axes 
20 Hz @ 0.017 E ~ / H Z  20 H Z  E 0 . ~ 1 1  g 2 / ~ z  
20 - 28 Hz @ +3 dB Ioct 20 - 40 Hz @ +3 d B  /oct 
28 - 800 Hz @ 0.023 g 2 1 ~ z  40 - 900 Hz @ 0.022 g21Hz 
800 - 2000 Hz @ -12 d B  Ioct 900 - 2000 Hz @ -12 dB/nr! 
2000 Hz @ 0.00069 g 2 / ~ z  2000 Hz Cd 0.00090 g 2 / ~ z  
Composite = 5.0 grms Composite = 5.0 grmS 
3. Boost Random Vibration Cri ter ia  (80 sec  p l u s  40 sec/mission in each a x i s )  
Radial Axis Long. a n d  T a n g .  Axes  
20 - 120 H Z  @ 0.012 g 2 / ~ ~  20 HZ @ 0.0028 g 2 ~ ~ ~  
120 - 180 Hz @ +9 dB1oct 20 - 40 Hz @ ~3 dB Ioct 
180 - 800 Hz @ 0.039 g 2 / ~ z  40 - 120 Hz @ n.0051 g21Hz 
800 - 2000 Hz @ -12 d B i o c t  120 - 180 Hz @ +9 dB Ioct 
2000 H Z  @ 0.0010 g 2 / ~ z  180 - 1100 Hz @ 0.020 g 2 / ~ z  
1100 - 2000 Hz @ -12 d B  Ioct 
2 ~ 0 0  Hz @ 0.0023 g 2 / ~ z  
Composite = 6.0 gl,ms Compc,;,t = 5.0 grms 
4 4 .  Reentry Random Vibrfltion Criteria (60 sec plus 30 seclmission in each axis) 
f 4 
a Radial Axis Long. and Tang. Axes 
Composite = 8.6 grms 
5.  Vehicle Dynamics Criteria 
Longitudinal Axis 
3.5 - 5 H z  @ 0.7 G's peak* 
5 - 10 Hz @ 0.7 G1s peak 
10 - 40 Hz @ 1.0 G's peak 
6. Shock Test Criteria ( 2  shockslaxis) 
See Tables VIII ,  IX and X .  
* Design Criteria Only 
Composite = '. grms 
Lateral Axes 
2 - 5 Hz @ 4.3 G's peak* 
5 - 10 Hz @ 0.5 G f s  peak 





o ., Subzone 9-2 SRB Nose Cap - Sta t ions  275-200 (General  Specifications) 
h Same a s  Subzone 9-2-A below. 
* Subzone 9- 2-A I n p u t  t o  Compoilents Mounted o n  t h e  SRB Nose Cap  - Sta t ions  
275-200. Weight of Component <10 lb .  
, . +  
1. Acceptance T e s t  Cr i t e r i a  ( 1  min l ax i s )  
Radial Axis  Long. a n d  T a n g .  Axes  
20 Hz @ 0.75 g21Hz 20 - 250 Hz d 0.38 g 2 / ~ z  
20 - -  40 Hz @ +3 dB1oct 250 - 130 Hz @ -9 dB1oct 
40 - 60 Hz @ 1.50 g21Hz 430 - 1000 Hz @ 0.075 g 2 / ~ z  
60 - 73 Hz 4 -6 dB/oc t  1000 - 2000 Hz @ -12 d B  Ioct 
73 - 250 Hz @ 1.00 g2 /Hz  2000 Hz @ 0.0048 g 2 1 ~ z  
250 - 600 Hz @ -9  dB1oct 
600 - 1000 Hz @ 0.075 g 2 1 ~ z  
1000 - 2000 Hz @ -12 d B  /oct 
2000 Hz @ 0.0048 g21Hz 
Composite = 20.0 grms Composite = 13.4 grmS 
2. Lift-off Random Vibration Cri ter ia  (50 s e c  p l u s  10 seclmission i n  each  a-cis) 
Radial Axis  
. 
20 H Z  @ 0.22 g 2 ~ ~ ~  
20 - 40 Hz @ + 3  dB loct 
40 - 800 Hz @ 0.44 g 2 / ~ z  
800 - 2000 HZ @ -12 d B  /cot 
2000 H Z  @ 0.012 ~ ~ I H Z  
Composite = 21.2 grms 
Long. a n d  T a n g .  Axes 
20 Hz @ 0.055 g 2 / ~ z  
20 - 10 Hz @ + 3  d B  loct  
40 - 1100 Hz @ 0.11. g 2 / ~ z  
1100 - 2000 Hz @ -12 dB/oc t  
2000 H Z  @ 0.010 g 2 ~ ~ ~  
Composite = 12.3 grms 
3. Boost Random Vibration Criteria (80  sec plus 40 aec/rnission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 30.6  g 
rms Composite = 1 8 . 0  grms 
4. Reentry Random Vibration Criteria ( 6 0  sec plus 30 seclmission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 40.  ! grirls 
5. Vehicle Dynamics Criteria 
Longitudinal Axis 
3 . 5  - 5 H z  @ 0 . 7  G ' s  peak* 
5  - 10 IIz @ 0 . 7  G's  peak 
10 - 40 H z  @ 1 . 0  G ' s  peak 
6 .  Shock Test Criteria ( 2  s h o c k s / ~ ~ x i s )  
See Table V I I I .  
* Design Criteria On!y 
Composite = 26.9 grms 
Lateral Axes 
2 - 5 f!z 2 4 . 3  G 1 s  peak* 
5  - 10 H z  @ 0 . 5  G I s  peak 
10 - 40 Hz @ 4 . 3  G ' s  peak 
, . U 
. ,  , 
, ..r 
T 
& I f' ' * r .  
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i *, \ - I 
0 5  
, t Subzone 9-2-B Input  to Components Mounted on the SRB Nose Cap - Stations 
: .% I ?  275-200. Weight of Component 210 but  <25 l b .  
't 
a 1 .. Acceptance Test  Criteria ( 1 min /axis)  
. - .  Radial Axis Long. and  Tang.  Axes 
3 ,  
20 H z  @ 0.75 g 2 / ~ z  20 - 250 Hz @ 0.25 g 2 / ~ z  
20 - 27 Hz @ +3 dB/oct 250 - 430 H Z  @ - 9  dH/oct 
27 - 50 Hz @ 1.00 g 2 / ~ z  430 - 1000 Hz @ 0.050 g2/Hz 
50 - 63 Hz @ - 6 d B / o c t  1000 - 2000 H z  @ -12 dB/l,ct 
63 - 250 Hz @ 0.05 g 2 / ~ z  2000 Hz @ 0.0032 g2/Hz 
250 - 600 H z  @ -9 dB Ioct 
600 - 1000 H z  @ 0.050 g2/Hz 
1000 - 2000 H z  @ -12  dB1oct 
2000 Hz @ 0.0032 g2/1-lz 
. . '  
Composite = 16.2 grms Composite = 11.0 grms 
2. Lift-off Random Vibration Criteria (50 sec plus 10 sec/mission in each axis)  
Radial Axis Long. and Tang.  Axes 
Composite = 17.3 grms Composite = 10.2 grms 
3. Boost Random Vibration Criteria (80 sec plus 40 sec/mission in each axis) 
Radial Axis Long. and  Tang.  Axes 
Composite - 24.  Y grms Composite = 14.8 grms 
6, 
\ 
, I. 9-2-B (Cont . )  
4. Reen t ry  Random Vibration Cr i t e r i a  (60 sec plus 30 sec/mission in each axis)  
* 
b 
Radial Axis  Long. a n d  T a n g .  Axes  
1 
'- . * 
20 H Z  @ 3.00 ~ ~ I H Z  
20 - 27 Hz @ +3 dR/oc t  
27 - 50 HZ @ 4.00 g 2 / ~ ~  
50 - 63 Hz @ -6 d B / o c t  
63 - 250 HZ @ 2.60 g 2 ~ ~ ~  
250 - 600 Hz @ -9  d B  Ioct 
c 600 - 1000 Hz @ 0.20 g 2 / ~ z  
1000 - 2000 Hz @ - 12 dB Ioct 
2000 Hz @ 0.013 g 2 / ~ z  
Composite - 32.5 grms 
. 
5. Vehicle Dynamics Cri ter ia  
Longitudinal Axis 
3.5 - 5 Hz @ g.7 Li's peak*  
5 - 10 Hz @ 0.7 G1s peak  
10 - 40 Hz @ 2.0 G's peak  
6. Shock T e s t  Claiterin ( 2  shocks lax i s )  
See Table VIII. 
* Design C~l i t e r i a  O r ~ l y  
20 - 250 HZ @ 1.00 ~ ~ I H z  
250 - 430 Hz @ -9 dB Ioct 
4 3  - 1000 Hz @ 0.20 g 2 1 ~ z  
1000 - 2000 Hz @ -12 dB/oc t  
2000 Hz @ -12 d B  loct  
Composite = 22.0 grms 
L a L r a l  Axes 
2 - 5 Hz @ 4 .3  G's peak* 
5 - 10 Hz @ 0.5 G's peak 
10 - 40 Hz @ 4.3 G's peak  
+ .  




b e >  275-200. Weight of Component 225 lb. 
I 1. Acceptance Test Criteria ( 1  minlaxis) I 
\ ;  
a Radial Axes Long. and Tang. Axes 
Composite = 11 .9  grms Composite = 8 . 7  g rlns 
\ 2. Lift-off Random libration Criteria ( 5 0  sec plus 10 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite .- 14 .0  grms Composite = 8.2 grnIs 
. 3.  Boost Random Vibration Criteria ( 8 0  sec plus 40 sec/rnission in each axis,\ 
Radial Axis Long. and Tang. Axes 
Composite = 2 0 . 1  grms Composite = 11.9 g,, I 
% \ 4. Reentry Random Vibration Criteria (60 sec plus 30 sec/mission in each axis) 
. t 
Radial Axis Long. and Tang. Axe? 
9 
Composite = 25.9 grms 
5. Vehicle Dynamics Criteria 
Longitudinal Axis 
3 .5  - 5 H z  Co 0 .7  G ' s  peak* 
5 - 10 H z  @ 0 . 7  G ' s  peak 
10 - 40 Hz @ 1.0 G ' s  peak 
6. Shock Test Criteria ( 2  shocks/axis) 
See Table VIII. 
* Design Criteria Only 
Composite = 17.5 g 
rms 
Lateia! Axes 
i - 5 H z  @ 4 .3  G ' s  peak* 
5 - 10 Hz @ 0.5 G ' s  peak 
10 - 40 H z  @ 4.3  G's peak 
SECTION 111. S.IOCK SPECIFICATIONS 
\ PYROTECHNIC SHOCK SPECTRUM CRITERIA 
3 - 
FOR COMPONENTS MOUNTED TO SPACE SHUTTLE STRUCTURE 
SHOCK SPECTRUM 
50 H z  @ A G I s  peak 
50 - 100 Hz @ +12 dE1oct 
100 H z  @ B GIs peak 
100 - 4000 Hz B +6 dB Ioct 
4000 - lOCOO Hz @ C GIs peak 
Note: For proper spectrum, use most 
severe of applicable levels from tables 
below. 
TABLE I .  DELETED 
DELETED 
I





SkB Station Number (Xb) of 
Component (in. ) 
1989.6 2 X b  > 1970.6 
1970.6 2 Xb > 1947.2 
1947.2 r Xb 1935.5 
1935.5 L Xb > 1912.3 
1912.3 > Xb > 1901.3 
1901.3 > Xb > 1884.7 
1884.7 > Xb > 1879.C 




























PYROTECHNIC SHOCK SPECTRUM CRITERIA 
- 
FOR COMPONENTS MOUNTED TO SPACE SHUTTLE STRUCTURE 
SHOCK SPECTRUM 
50 Hz @ A G1s peak 
50 - 100 Hz @ +12 dB1oct 
100 Hz @ I3 G1s peak 
100 - 4000 Hz @ +6 dB/oct 5 
4000 - 10000 Hz  @ C G1s peak 
Note: For proper spectrum, use most 
severe of applicable levels from tables 
below. 
TABLE 111. SRB AFT SKIRT 












D = Distance from Component to 
Source 
SRB Station Number (Xb) of 
Component (in. ) A 
1875 s X b l  1733 1 8  
ActuatorIAft Skirt Attach Point (in .) : A 
1733 > Xb 2 486.3 
- 
D = Distance from Component to 
ET ISRB Aft Attach Point (in. ) 
O <  D.533 
33 < D I 81 
81 5 D 
117 , 4,688 
59 2,344 
29 , 1,172 
NIA I N / A  
! ! 
! 
375 : 15,000 
188 . 7,500 
94 / 3,750 
47 ' 1,875 







N l A  
N/A 
2 4 




O < D r  36 1 30 
36 < D 3 132 15 
132 < C s  324 f 8 
N i A  
3,750 
1,875 
N /A A 
1 324 < D 
1 
NIA 
! D = Distance from Component to I 1 SRB Hold-down Point (in. ) I 
1 
SRB j O < D L 1 2  
Release 1 1 2  < D L 2 4  
At Lift-off j 24 < D 1 48 
(Hold- ' 4 8 <  D L 9 6  







PYROTECHNIC SHOCK SPECTRUJI CRITERIA 
FOR COMPONENTS hlOUNTED TO SPACE SHUTTLE STRUCTURE 
50 Hz @ X G ' s  peak 
5 0 -  1 0 0 H z  @ + 1 2 d B / o c t  
100 HZ Ca B ' : ' s  pcitk 
100 - 4000 Hz @ +G dB 10ct 
4000 - 10000 Hz @ C G ' s  peak 
Xote: For proper spectrum. ilse m o s t  
severe of applicable levels from tables 
below. 








I:! i 47 1 .875  
530 .5  .: Xb ' / S ;  S ~ X  
D = Distance from Component to I 
ET ISRB Fwd Attach Point ( in.  ) f 
1 O ' D > 1 2  i 375 : 15.000  
D :, 2 4 ! 4 i  188 7 . 5 0 0  , 
, h  / 2 4  < ~ ~ 4 8  i 24 94 , 3.750 
48 qr D l 96 
96 < D 
- -- .- 
-, 
1 
Shock I SRB Station Number (Sb) of 
Source I Component (in. ) 
- 
- Spectl-urn Amplitt:d~?s 
.i\ U ? 
- &-- 
i 395 . S < 407 ' 188 1 750 6 3 0 . 0 0 0  
Fwd Skirt I 407 5; 1 419 ! 94 1 375 15.000 
I Frustum 419 i Xb 2- 443 47 188 i 7.500  
Separation . 443 < X 491 4 ; 91 . 3.750  
491 .. x:; 530 .5  I 
---- 
PYRC) I'ECilNIC SHOCK SPECTRUM CRITERIA 
--- 
FOR COhlPONENTS RlOrjNTED TO SPACE SHUTTLE STRUCTURE 
SHOCK - SPECTRURI 
O R I ~ A L  PAGE 6 
OF POOR QUALW 
50 Hz @ A G's peak 
50 - 100 Hz @ +12 dB/oc t  
I d 0  H z  @ B G's peak 
100 - 4000 H z  @ +6 dB/oct  
1000 - 10000 H z  Ca C G's peak 
So te :  For proper  spec t rum,  use most 
severe  of applicable levels from tables 
below. 
TABLE VII. SRB FORWARD SKIRT HULKHEAD 
, - -  1- I 
TABLE VI. PABELS 1X THE SRB FORWARD SKIRT 
1 Shock ' D = Distance to  Component from ! : Spectrum Amplitudes 
Source SRB Nose Cone Separation Plane ( i n .  ) 11 1 B C 
-----.--- -- - *- 
I , 
0 < D 5-12  
Fwd S k i r t /  12 < D i 2 r  
Frustum 24 .- D 5 4 8  
Separ;i tion 48 < D 5 96 
96 ,: D I1_ . 
. . 





Separation 143 .- Sb F 491 1 2 1  4 
491 X b  L 530.5 X /A j I '  
- - - -- - - - - - - -
D = Distance from Component to ! 






. 395 ,: X b  407 91  , 315 1 15.000 i Fwd S k i r t /  107 Sb 2 119 ; 17 188 7 ,500 
B I C 
--P. - 
.I 
0 .  D L 1 2  
12 4 -  D I 24 
Attach I 2.1 D L 48 1 2  , 
1 48 D 
I 
419 S,, - 443 24 i 9 1  I 3.750 
. . v r  , * 
+y$&,T L... 9 .  + 1 , / , / [ I  




FOR COiilPONEN'l'S MOUNTED TO SPACE SHUTTLE STRUCTURE 
SHOCK SPECTRUM 
--- 
50 Hz @ A C ' s  peak 
5 0 -  1 0 0 H z  @ + 1 2 d B / o c t  
100 Hz @ B C's seak 
100 - 4000 Hz @ +6 d B  Ioct 
4000 - 10000 Hz @ C C's  peak  
Note: For  p r o p e r  s p e c t r u m ,  u s e  most 
s e v e r e  of applicable levels from tab les  
below. 
TABLE VIII .  SRB NOSE CONE 
r - I I 
Shock I SRB Station Number ( X b )  of 
Source  1 Component I Spectrum Amplitudes A I B 1 C 
1 395 X b  2 383 
. i 383 :. X b  ? 371 
371 :- X b  1. 347 
Frustum 347 > X b  2 299 
Separat ion 
- - - -. -- - -- 
TABLE IX.  SRB WATER LANDING SHOCK TEST CRITERIA 
( 2 shocks /axis!mission) 
1 9-3 I Nose c a p  I NIA I NiA I NIA I N/A 
SRB 
I 
Forwat-d Skirt  - i 2 0 Avionics P ~ n e l s  
I 1 
Half-Sine Shock Pulse 
Subzone 
Frustum-Fwd I 
1 1 8 - 4  j Forward Skirt - 22 





, 8-3 l Forward Skirt - 1 Forward 
Longitudinal 
8- 2 i Forward Skirt - 
I Mid 
Amplitude 
(G's  peak) 
Lateral 






'7- 4 Forward Fuel 20 I 1 5 0  ' 1 2 2 i 
Cylinder Bulkhead I ! I 
Duration 
(msec) 
7- 3 Forward Fuel 2 0 
I 
I i 150 1 8  I 100 Cylinder i 
7- 2 Aft Fuel Cylinder 20 1 150 I 8 1 100 I 
7- 1 Aft Fuel Cylinder 
Bulkhead 
i 6-2 ' Aft Skirt 
Note: Both shocks for the  Longitudinal direction shall be applied in the  flight 
direction. 
\ 
TABLE X .  SRB PARACHUTE DEPLOYMENT SHOCK TEST CRITERIA 
r ( 2 shocks /axis /mission) 





















F-ustum - Fwd 
Frustum - Aft 
Forward Skirt - 
I Avionics Panels 
Forward Skirt - 
Bulkhead 
Forward Skirt - 
Forward 
Forward Skirt - 
Mid 






Aft Fuel Cylinder 



















5 . 7  
5 . 7  
4.6 











3-6  1 










3.6 300 I 
4.6 i 300 
4.6 I 300 






1.7 i 300 
1.7 
I 1 300 
I 
3.4 I 300 
3.4 300 
3.6 3.4 300 300 
SEiCTION IV. ACOUSTIC TEST SPECIFICATIONS 
Subzone 6-1 - SRB Nozzle - Stations 1990-1830 (Gencrsl Specificatilms) 
INTERNAL 
2 (One-third Octave Band Acoustic Specification in dB r e  20 u N  /m ) 
Geometric Mean 





































In-flight Fluctuating Oscillating 
Pressure Shock Reentry 
N /A 60 sec plus 
30 sec per 
mission 
a 5 Subzone 6-1 - SRB Nozzle - Stations 1990-1830 (Ge~ieral Specifications) 
1 
.\ EXTERNAL 















































































































Overall SPL 159.5 165.0 172.0 
Duration 50 sec plus 80 sec plus 
10 sec per 40 sec per 
mission mission 
60 sec plus 
30 sec per 
mission 
Subzone 6-2 - SRB Aft Skirt - Stations 1930-1837 (General Specifications) 
INTERNAL 
2 (One-third Octave Rand Acoustic Specification in dB re 20 uN/m ) 
Geometric Mean 
Frequency (Hz)  
5.0  




































0 scilla t in g 
Shock 
Overall SPL N /A 
Duration N /A 
Reentry 
N /A 60 sec plus 





.*:: Subzone 6-2 - SRB Aft Skirt - Stations 1930-1837 (General Specifications) 
EXTERNAL 
2 
I (One-third Octave Band Acoustic Specification ir! dB re 20 LIN /m ) 
Geometric Mean 










































































Over~ll SPL 159.5 165.0 166.0 
%- 
Duration 50 sec plus 80 sec plus 
10 sec per 40 sec per 
mission mission 
60 sec plus 
30 sec per 
mission 
Subzone 7-1 - SRB Aft Fuel Bulkhead - Stations 1875-1818 (General Specifications) 
SXTERNAL 
2 (One-third Octave Band Acoustic Specification in dB r e  20 u N / m  ) 
Geometric Mean 
Frequency 










































































Overall SPI, 152.5 
Duration 60 sec plus 





1 Subzone 7-2 - SRB Aft Fuel Cyli.nder - Stations 1837-1180 (General Specifications) 
'., 
EXTERNAL 
(One-third Octave Band Acoustic Specification in dB re  20 ; ? N  . '? \ 
- 9  
Geometric Mean 






































Overall SPL i 59.5 170.0 
Dl~ration 50 sec plus 80 sec plus 















162 .5  
163.5 
1E4.O 




















60 sec plus 
30 sec per  
mission 
Subzone 7-2-1 - SRBIET Attach Ring - Station 1511 (General Specifications) 
EX'I'ERNAL 
n (One-tl .. .-d Octave Band Acoustic Epecification in dR re 20 p N  I m ' )  
Geometric Mean 
Frequency ( H z )  Lift-off 
fr.-flight Fluctuating 
Pressure 
Overall SPL 159.5 167.0 
Duraf ion 50 scc plus 80 sec plus 







































60 sec plus 
30 seL per 
mission 
Subzone 7-3 - SIiB Forward Fuel Cylinder - Stations 1180- 524 (General 
Specifications) 
EATERNAL 
(One-third Octave Band Acoustic Specification in d B  re 20 p H  /m2) 
Geometric Mean In-flight Fluctuating Oscillating 
Frequency ( H z )  Lift-off 
- 
Pressure Shock Reentry 
Overall SPL 
Duration 50 sec plus 
10 sec per  
mission 
80 sec plus 
40 sec per  
mission 
60 sec plus 
30 sec per  
mission 
Suezone 7-4 - SRB Forward Fuel Bulkhead - Stations 531-486 (General 
Specifications 
EXTERNAL 
2 (One-third Octave Band Acoustic Specification in dB re 20 p N  /m 1 
Geometric Mean 
Frequency ( H z )  
5 .0  
6 . 3  





































Overall SPL 144.0 150.0 152.5 
Duration 50 s e ~  plus 80 sec pIus 
10 see per 40 sec per 
mission mission 
60 sec plu; 
30 sec D e r  
mission 
a> . 
Zone 8 - SRB Forward Skirt - Stations 524-395 (General Specifications) 
INTERNAL 
(One-third Octave Band Acoustic Specification in dB re 20 uN /mL) 
Geometric Mean 





123 .0  
12d.0 
129 .0  
131 .5  
134 .0  
135.5 
137 .5  
137 .5  
138.0 
139 .0  
139 .0  
139 .5  
140 .0  
140 .5  
141.0 
141 .5  
141 .5  
141 .5  
141 .5  
140 .5  
139 .0  
137 .0  
134 .5  
133 .0  
130 .5  
128 .5  
126 .0  
123 .5  
120 .5  
117 .5  
115 .0  
111 .5  
109 .0  
106.5 
Overall SPL 144.0  150 .0  152 .5  
Duration 50 sec plus 80 sec plus 
10 sec per 40 sec per 
mission mission 
60 sec plus 
30 sec per 
mission 
x \  
.. ;t 
. 
1 .  Subzone 8-1 - SRB Forward Skirt - Stations 524-485 (General Spec;fications) +45O 
T 
from Y Axis Adjacent ET 
a EXTERNAL 
. (One-third Octave Band Acoustic Specification in dB re 20 pN/m 2 ) 
Geoemtric Mean In-flight Fluctusting Oscillating 





Duration 50 sec plus 
10 sec per 
mission 
80 sec plus 
40 sec per 
mission 
60 sec plus 
30 sec per 
mission 
* e y  ' Subzone 8-1 - SRB Forward Skirt - Stations 525485 (General Specifications) 2135O 
,' 




(One-third Octave Band 
Geometric Mean 




































2 Acoustic Specification in dB re 20 P N  /m ) 
In-flight Fluctuating Oscillating 
Pressure Shock Reentry 
1 
.- Overall SPL 154.5 155.0 157.0 166.0 
Duration 50 sec plus 80 sec plus N /A 60 sec plus 
10 sec per 40 sec per 30 sec per 
mission mission mission 
'. 
Subzone 8-2 - SRB Forward Skirt - Stations 484-434 (General Specifications) 
EXTERNAL 
2 (One-third Octave Band Acoustic Specification in dB re 20 pN/m ) 
Geometric Mean 





159 .0  
159 .5  
160 .0  
160 .0  
160 .0  
160 .0  
159 .0  
158 .0  
157 .0  
155 .5  
154 .0  
152 .0  
151 .0  
148 .5  
146 .5  
144 .0  
143 .0  
140 .0  
137 .0  
134 .0  
131 .0  
128 .0  
125 .0  
122 .0  
119 .0  
116 .0  
1 1 3 . 0  
110 .0  
107 .0  
104 .0  
101 .0  
9 8 . 0  
9 5 . 0  
9 2 . 0  
Reentry 
Overall SPL 154.5 159 .0  170 .0  165 .0  
Duration 53 sec plus 80 sec plus 
10 sec per 40 soc per 
mission mission 
N /A 60 sec plus 




i Subzone 8-3 - SRB Forward Skirt - Stat io~ls  433-395 (General Specifications) 
'b ] EXTERNAL 
.L , 2 (One-third Octave Sand Acoustic Specification in d B  r e  20 p N / m  ) 
: t Geometric Mean In-flight Fluctuating Oscillating 
Frequency ( H z )  Lift-off Pressure Shock Reentry 
- 
L Overall SPI, 154.5 161.0 
-1 Duration 50 sec plus 80 sec plus 
10 sec per  40 sec per  
1 i mission mission 
N /A 60 sec plus 
30 sec per 
mission 
'r' Zone 9 - SRB Frustum and Nose Cone - Stations 395-200 (General Specifications) 
INTERNAL 
2 (One-third Octave Band Acoustic Specification in dB re 20 p N / m  ) 
. 4 Geometric Mean 
Frequency ( H z )  
5.0 






































50 sec plus 
10 sec p e r  
mission 
80 sec plus  






































60 s e c  p l u s  




Subzone 9-1 - SRB Frustum - Stations 395-275 (General Specifications) 
EXTERNAL 
2 (One-third Octave Band Acoustic Specification in dB r e  20 ~ N l m  ) 
~ i Geometric Mean 













































































Overall SPL 154.0 154.5 157.0 162.5 
Duration 50 sec plus 80 sec plus N /A 60 sec plus 
10 sec per 40 see per 30 sec per 
mission mission mission 
. *. 
rk Subzone 9-2 - SRB Nose Cone - Stations 275-200 (General Specifications) 
\ EXTERNAL 
c (One-third Octave Bond Acoustic Specification in di3 re 20 pN/m 2 ) 
Geometric Mean 
Frequency ( H z )  
5.0 








































































Overall SPI, 154.0 154.5 157.0 163.0 
Duration 50 sec plus 80 sec plus 
10 sec per 40 sec per 
mission mission 
N / A  60 sec plus 
30 sec per 
mission 
SRB In-flight Oscillating Shock 
EXTERNAL 
2 (One-third Octave Band Acoustic Specification in dB re 20 p N  /m ) 
Geometric Mean 













































































































Overall APIl 165.0 171.5 
Duration N / A  N /A  
2 (One-third Octave Band Acoustic Specification in dB r e  20 pN/m ) 
Geometric Mean 




























































































































Overal! ETL 169.0 168.0 167.0 168.0 168.0 168.0 
Duration: 80 sec plus 40 sec per mission 
SRB AFT SKIRT THERMAL CURTAIN, EXTERNAL 
I 
# 9 I t  (One-third Octave Band Acoustic Specification in dB re 20 D N  Im") 
I Geometric Mean 












































































50 sec plus 
10 sec per 
mission 
80 sec plus 
40 sec per 
mission 
60 sec plus 
30 zec per 
mlssion 
SECTION 1'. SPECIFICATIONS FOR SPECIFIf.  COMPONEF1~'S 
Inpu t  to t h e  Range Safety  Panels .  Total  Weight of Components On t h e  Panel 
.- 20 l b .  
1. Acdeptance Tes t  Cr i ter ia  ( 1  miniaxis)  
Radial Axis Long. orid T a n g .  Axes  
20 Hz ;a 0,021 g 3 / ~ z  
20 - 40 Yz Cd + 3  dB/oc t  
40 - 64 Hz @ b.042  g 2 / ~ z  
64 - 150 Hz @ + Y  dB/oc t  
150 - 250 I:. @ C.  10 g 2 / ~ z  
?SO - 448 HZ @ - 9  dB /act 
448 - 1400 Hz La 0.017 q 2 / ~ z  
1400 - 2000 H z  @ -6 dB/oc t  
2000 Hz @ 0.0085 :2/dz 
Composite = 7.1 grms Co~nposi te  = 8.9 grms 
2. Lift-off Random Vibration Cri ter ia  (50 s e c  plus 10 sec/mission in each axis) 
Radial Axis Long. a n d  Tang.  Axes 
Composite = 9.4  grms 
20 Hz La 0.050 g 2 / ~ z  
20 - 40 Hz @ + 3  dBIoc1 
40 - ?60 H Z  @ 0.10 g 2 / ~ ' ~  
3130 - 4G(i ilz @ -15 d B . ~ c t  
160 - 630 Hz @ 0.030 g 2 / ~ z  
630 - 800 Hz !rt +15 dB Ioct 
800 - 1000 Hz @ 0.10 g 2 / ~ z  
1000 - 2000 Hz @ - '; dB /act 
LOO0 Hz (2 0.025 g 2 / ~ z  
Composite = 11.2 g,, 
Inpu t  t o  t h e  Range Safety Panels .  Total Weight of Components On  t h e  Panel 
= 20 lb. (Cont . )  
Boost Random Vibration Cri ter ia  (80 s e c  p l u s  40 scclmission in  each a x i s )  
Radini Axis Long'. a n d  Tang.  Axes  
Composite = 14.2 grms 
20 H Z  @ 0.0'0 $ /HZ 
20 - 4 0 H ?  @ + 3 d B / c c t  
10 - 150 HZ (3 0.10 g21Hz 
150 - 300 Hz Ca + 3  d B  Ioct 
300 - 400 Hz @ 0.20 g 2 / ~ z  
400 - 480 Hz @ -15 dB10ct 
480 - 650 Hz Ca 0.075 g 2 i ~ z  
650 - 855 kiz @ +15 dU/oct  
855 - 1100 H z  Cd 0.58 g 2 / ~ ~  
1100 - 2000 Hz @ --6 dB/ocr  
3000 Hz @ 0.0'5 g21Hz 
Composite = 17.9 grms 
Reentry  Random Vibrntion Cri ter ia  (60 s e c  p lus  30 seclmission in each ax i s )  
Radial Axis Long. a n d  T a n g .  Axes  
20 Hz @ 0.39 
20 - 36 Hz @ +? dE loci  
46 - 60 Hz 9 0.61 g 2 ! ~ z  
60 - 70 Hz @ - 3  ciS3/oct 
70 - 25Q Hz @ 0.44 g 2 / ~ z  
250 - 550 HZ @ -12 dB/oc i  
550 - 1000 Hz @ 0.020 g 2 1 ~ z  
1000 - 2000 Hz @ -6 dB Ioct 
2000 112 @ 0.0050 g 2 / H z  
30 Hz @ 0.54 g 2 / ~ z  
34 1-12 @ + 3  dB1oct 
50 5 z  @ 0.99 g 2 1 ~ z  
80 Hz @ -12 dE1oct 
360 Hz (-d 0.15 g 2 / n z  
450 Hz @ -15 dB/oc t  
900 Hz !3 0.050 g21Hz 
760 Hz @ +15 dB Ioct 
SO0 Hz @ 0.075 g z l ~ z  
2000 Hz @ - 3 d B  Ioct 
2000 Hz @ 0.034 g 2 1 ~ z  
Composite = 12.8 grms Composite = 12.9 grms 
Input to the Range Safety Panels. Total Weight of Components On the Panel 
= 20 lb. (Cont.) 
"b 5. Vehicle Dyilamics Criteria 
, J 
Longitudinal Axis 
3.5 - 5 H z  @ 1.0 G I s  peak* 
5 - 40 Hz @ 1.0 G I s  peak 
Lateral Axes 
2 - 5 Hz @ 1.7 G's  peak* 
5 - 10 Hz @ 0.6 G1s peak 
10 - 40 H z  @ 1.7 G I s  peak 
6. Shock Test Criteria 
T e ~ t s  will be performed by applying two shocks per mission in each axis (one 
in each direction or equivalent) for a total of six shocks per mission by 
mechanical methods or  one shock per mission by ordnance. 
A .  Forward Skirt /Frustum Separation 
50 H z  @ '4 G 1 s  peak 
50 - 100 H z  @ +12 dB/oct 
100 H z  @ 94 G ' s  peak 
100 - 4.000 H z  @ +6 dB / w t  
4,000 - 10.000 H z  @ 3.750 G ' s  peak 
B .  Water Landing 
Longitudirial Axis Lateral Axes 
IIn!f Sine Pulse 
20 G ' s  peak Amplitade 
150 msec Duration 
Half Sine Pulse 
22 G ' s  peak Amplitudr, 
100 rnsec Duration 
Longitudinal A s i r ;  Lateral Axes 
Half Sine Puls~? 
3.6 G1:-; peak Amplitude 
300 mscc* Dcr.::isr. 
* Design Cr, -ria Only 
H:~lf Sine Pulse 
4.6 G 1 s  peak Amplitude 
300 msec Duration 
. . 
\ .' 
Input  to  Components on the  Range Safety ?anels. Total Weight of Components 
9 .  on the  Panel = 20 lb.  
3 
1 1. Acceptance Tes t  Criteria ( 1 min /axis) 
Radial Axis Long. and  Tang.  Axes 
20 Hz @ 0.067 g 2 / ~ z  20 H z  @ 0.012 g 2 / ~ z  
20 - 30 Hz @ +3 dB1cot 20 - 40 Hz @ +3 dB1oct 
30 - 230 Hz @ 0.10 ~ ~ I H Z  40 - 150 Hz @ 0.025 g 2 / ~ z  
250 - 448 Hz @ -9 dB Ioct 150 - 300 Hz @ + 3  dB/oct  
448 - 1400 Hz @ 0.017 g 2 / ~ z  300 - 800 Hz @ 0.050 g 2 1 ~ z  
b 1400 - 2000 Hz @ -6 dB Ioct 800 - 855 Hz 4 +15 dB /oct 
2000 Hz @ 0.0085 g 2 / ~ z  855 - 1100 Hz @ 0.070 g 2 / ~ z  
l l G O  - 2000 HZ (2 -6 dB10ct 
200G Hz @ 0.021 g2/Hz 
Ccmposite = 7 .3  g 
r m s  Composite = 9.4 grms 
2. Lift-off Random Vibration Criteria (50 sec  plus  10 seclmission in each axis) 
Radial Axis Long. a n d  Tang.  Axes 
Composite = 9.7 g Composite = 12.1 g 
rms r m s  
\ 
-. 
Input to Components on the Range Safety Panels. Total Weight of Components 
on the Panel = 20 Ib. (Cont .) 
?? 
. i 3. Boost Random Vibration Criteria ( 8 0  sec plus 40 sec/mission in each axis) 
- . '  Radial Axis Long. and Tang. Axes 
20 H Z  @ 0.27 g 2 / ~ ~  
20 - 30 Hz @ +3 dBIoct 
30 - 250 H Z  @ 0 . 4 0  g2/Hz 
250 - 448 Hz @ - 9  dB Ioct 
448 - 1400 H z  @ 0.070  g 2 / ~ z  
1400 - 2000 H z  @ -6  dB Ioct 
2000 H z  @ 0.b34 g2/Hz 
Composite = 1 4 . 9  grms Composite = 1s. 9 g 
r m s  
4.  Reentry Random Vibration Criteria ( 6 0  sec plus 30 sec/mission in each axis) 
Composite = 1 3 . 9  g 
rms 
Composite = 1 3 . 8  grms 
5. iehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
3 . 5  - 5 H z  @ 1 . 0  G's peak* 
5 - 40 H z  @ 1 .0  G's peak 
* Design Criteria Only 
2 - 5 Hz @ 1.7 G ' s  peak* 
5 - 10 H z  @ 0 . 6  G ' s  peak 
10 - 40 H z  @ 1 . 7  G's peak 
input to Components on the Range Safety Panr.ls. Total Weight of Components 
on the Panel = 20 lb. (Cont.) 
Shock Test Criteria 
Tests will be performed by applying two shocks per mission in each axis (one in 
each direction or  equivalent) for a total of six shocks per mission by mechanical 
methods or one shock per mission by ordnance. 
A .  Fo rw~rb  Skirt /Frustum Separztion 
50 Hz @ 12 G ' s  peak 
59 - 100 H z  @ +12 dB Ioct 
100 Hz @ 47 G ' s  peak 
1 - 1,000 Hz @ +6 dB/ort 
4,000 - 10,000 H z  @ 1,875 G ' s  peak 
B. Water Landing 
Haif Sine Pulse 
20 G 1 s  peak Amplitude 
150 rnsec Duration 
C . Parachute Deployrilent 
Longitudinal A x i s  
Hall Jine Puke 
3.6 G ' s  peak i mplitude 
300 rnsec Ouration 
Lateral Axes 
Half Sine Pulse 
22 G ' s  peak Azplitude 
100 rnsec Duration 
Lateral Axes 
Half Sine Z'ulse 
4.6 G's  peak Amplitude 
300 msec Duration 
In ut to the  Range Safety Panels. Total Weight of Components on the  Panel = 
-5 lb. 
1. Acceptance Test Criteria ( 1  minlaxis) 
Radial Axis Long. and Tang. Axes 
20 H Z  @ 0.010 ~ ~ I H Z  
20 - 4C Hz @ +3 dB Ioct 
40 - 135 Hz @ 0.020 g 2 / ~ z  
135 - 255 Hz @ +3 dB 1 0 ~ t  
255 - 320 Hz B 0.037 1g21~z 
320 - 385 Hz @ -15 dB / O C ~  
385 - 580 Hz @ 0.015 g211-12 
580 - 750 Hz @ +15 dB Ioct 
750 - 1100 Hz @ 0.055 g 2 / ~ z  
1100 - 2000 H Z  B -6 d B 1 ~ t  
2000 Hz @ 0.016 g 2 / ~ z  
Composite = 5.9 grms Composite = 8.0 g,, 
2. Lift-off Random Vibration Criteria (50 sec plus 10 sec/mission in eazh axis) 
Radial Axis Long. and Tang. Axes 
Composite = 8.2 grms Composite -= 10.2 grms 
Input - t o  the  Range Safety Panels. Total Weight of Compone~lts On the  Panel = 
55 Ib. (Cont .  ) 
* 8 3. Boost Random Vibration Criteria (80 sec  plus  40 seclmission in each ax is )  
Radial Axis 
Composite = 11.9 grms 
Long. and Tang.  Axes 
Composite = 
4 .  Reentry Random Vibration Criteria (60 sec plus 30 sec/mission in each t1::is.l 
Radial Axis Long. and Tang-. Axes 
Composite = 11.0 grms Composite = 11.4 grms 
Input to the  Range Safety Panels. Total Weight of Component on the  Panel = 
55 lb.  (Cont.) 
5.  Vehicle Dynamics Criteria 
Longitudinal Axis L a t e r ~ l  Axes 
3 . 5  - 5  H z  La 1 . 0  G ' s  peak* 
5  - 4 0 H z  @ 1 . 0 G ' s  peak 
2 - 5 Hz Ca 1 . 7  2's peak* 
5  - 10 Hz @ 0 . 6  G ' s  peak 
1 C  - 40 H z  @ 1 . 7  G ' s  peak 
6.  Shock Test Criteria 
- b 
Tests  will be performed by applying two shocks per  mission in each axis (one in 
each direction o r  equivalent) for a total of six shocks per  mission by mechanical 
methods o r  one shock per  mission by ordnance. 
A .  Forward Skirt /Frustum Separation 
\ 
50 H z  @ 24 G ' s  peak 
50 - 100 H z  @ + 1 2  dBIoct 
100 H z  @ 94 G 1 s  peak 
100 - 4 ,000  Hz @ +6 dB/oct 
4 , 0 0 0  - 10,000  H z  @ 3 ,750  G ' s  peak 
B.  Water Landing 
Longitudinal Axis Lateral Axes 
Half Sine Pulse 
20 G ' s  peak Amplitude 
150 rlsec Duration 
Half Sine Pulse 
?? C's peak Amplitude 
100 msec Duration 
C . Parachute Deployment 
Longitudinal Axis 1,ater:tl Axes 
* Design Criteria Only 
Half Sine Pulse 
3.6  C's peak Amplitude 
300 msec Duration 
Half Sine Pulse 
4 . 6  G ' s  peak Amplitud-. 
300 mscc Duration 
I n p u t  - t o  Components on t h e  Range  Silfety Panels .  Total Weight of Components 
on  t h e  Panel = 55 lb .  
1. Acceptance T e s t  Cr i ter ia  ( 1 min 1:lxis) 
Composite = 6.1 grms 
Qualification /Acceptance T e s t  Cr i ter ia  ( 5 rnin l ax i s )  
Composite = 10.3 g rms  
2. Lift-off Random Vibration Cr i t e r i a  (50 s e c  p l u s  10 seclmission in each axis)  
Radial Axis Long. a n d  T a n g .  Axes 
20 Hz @ 0.075 g 2 / ~ z  20 Hz G 0.040 g 2 1 ~ z  
20 - 40 Hz @ +3 dB 10ct ?q - 40 H Z  @ + 3  dB10ct 
40 - 250 Hz @ 0.15 g 2 1 ~ z  4u - 1000 Hz @ 0.080 g 2 1 ~ z  
250 - 470 HZ @ -9 dB / O C ~  1000 - 2000 Hz Q -6 d B  10ct 
470 - 1000 Hz @ 0.023 g 2 / ~ z  2 0 0 ~  H Z  @ 0.020 & H Z  
1000 - 2000 Hz @ --ri dB/oc:t 
2000 Hz @ G.0058 g 2 1 ~ z  
Comp3site = 8 . 4  grms Composite = 10.9 grms 
Input to Components on the Range Safety Panels. Total Weight of Components 
on the Panel = 55 lb. (Cont.) 
3. Boost Random Vibration Criteria (80 sec plus 40 seclmission in each axis) 
Radial Axis Long. and Tang. Axes 
20 H Z  @ 0.19 g 2 ~ ~ ~  
20 - 30 H z  @ + 3  dB/cot 
SO - 250 Hz @ 0.28 g 2 1 ~ z  
250 - 445 H z  8 - 9 dB Ioct 
445 - 1400 H z  @ 0.050 g2111z 
1400 - 2000 Hz @ -6 dB loct 
2000 Hz @ 0.025 g 2 l ~ z  
20 Hz @ 0.040 g 2 / ~ z  
20 - 40 Hz @ +3 dBloct 
40 - 135 H Z  @ 0.080 g 2 / ~ ~  
135 - 255 H Z  @ +3 dB1oct 
255 - 700 Hz @ 0.15 g 2 1 ~ z  
700 - 755 Hz @ +15 dB Ioct 
755 - 1100 H z  @ 5.22 g 2 / ~ z  
1100 - 2000 H Z  @ - 6 dB/oct 
2000 Hz @ 0.067 g2/Hz 
Composite = 12.5 grms Conposite = 16.9 grms 
. - 
4. Reentry Random Vibration Criteria (60 sec plus 30 seclmission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 11.9 grms 
5. Vehicle Dynamics Criteria 
Longitudinal Axis 
3.5 - 5 H z  @ 1.0 G 1 s  peak* 
-.' 5 - 40 H z  @ 1.0 G's peak 
* Design Criteria Only 
Composite = 1 2 . 2  grms 
Lateral Axes 
2 - 5 H z  @ 1 .7  G ' s  peck* 
5 - 10 H z  3 0.6 G's peak 
10 - 40 H z  @ 1.7 G1s peak 
, ; 7~ 
,.> 
:. 
? .  
.. - input to Components on the Range Safety Panels. Total Weight of Components 
\ on the Panel = 55 lb. (Cont.) 
i 6 .  Shock Test Criteria 
c >  .. * 
< s Tests will be performed by applying twc shocks per mission in each axis (one in 
each direction or equivalent) for a total of six shocks per mission by mechanical 
methods or one shock per mission by ordnance. 
A .  Forward Skirt /Frustum Separation 
- 50 Hz @ 12 G 1 s  peak 
50 - 100 Hz @ + I 2  dB 10ct 
100 Hz @ 47 G 1 s  peak 
100 - 4 ,000  Hz @ +6 dB Ioct 
4 ,000  - 10 ,000  Hz @ 1.875 G1s peak 
B . Water Landing 
Longitudinal Axis Lateral Axes 
Haif Sine Pulse 
20 G1s peak Amplitude 
150 rnsec Duration 
C . Parachute Deployment 
Longitudinal Axis 
Half Sine Pulse 
3 . 6  G I s  peak 4mplitude 
300 msec Duration 
Half Sine Pulse 
22 G1s peak Amplitude 
100 msec Durztion 
Lateral Axes 
Half Sine Pulse 
G ' s  peak Amplitude 
300 msec Duration 
5 
I n p u t  t o  t h e  Range  SeLfety System Linear Shaped  C h a r g e  (LSC) 
1 1. Acceptance T e s t  Cr i t e r i a  ( 1 rnin /axis)  
9 
C Radial Axis Long Axis 
20 Hz @ 0.00025 g 2 / H z  LO - 60 H r  @ 0.0025 g2/Hz 
20 - 150 Hz @ +6 dB/oc t  60 - 260 Hz @ +4.5 d B  /oct 
150 - 300 fiz @ 0.015 g2 /Hz  260 - 440 Hz @ 0.025 g2 /Hz  
300 - 2000 Hz @ -6.5 d B / o ~ t  440 - 2 0 9  Hz @ -7.0 dB/oc t  
1000 Hz @ 0.00025 gLIHz  2000 Hz @ 0.000075 g 2 / H z  
Composite --- 2.6 g r m s  Composite = 3.9 g rms  
T a n g .  Axis 
Composite = 2.5 g rms  
2. Flight Random Vibration Cr i t e r i a  ( 4 minutea p l u s  2 min /mission /axis)  
Radial Axis Long. Axis 
Composite = 5.0 g rms  
T a n g .  Axis 
," 
.- I 
Composite = 5.0 g rms  
Composite = 7.8 grn:s 
Input to the Range Safety System Linear S h a ~ e d  Charge (LSC) ( C ~ n t .  ) 
3. Reentry Random Vibration Criteria (60 seconds plus 30 seclmissionlsxis) 
Radial Axis Long. Axis 
Composite = 5.1 grms Composite = 6.3 grms 
Tang. Axis 
Composite = 5.0 grms 
4 .  Vehicle Dynamics Criteria 
Long. Axis 
3.5 - 5 Hz @ 1.0 G's Peak* 
5 - 40 Hz @ 1.0 G I s  peak 
Lateral Axes 
2 - 5 Hz @ 1 . 7  G I s  peak' 
5 - 10 Hz @ 0.;" G's peak 
10 - 40 Hz @ 1.7 G ' s  peak 
* li*>s:vn .- Criteria Only 
input to the Range Safety System Linear Shaped Charge (LSC) (Cont .) 
5. chock Test Criteria 
Tests will be performed by applying two sliocks per mission in each axis (one in 
each iircction or equivalent) for a total of six shocks per mission by mechanical 
methods or orie shock per mission by ordnance. 
A.  Ordnance Shock 
No Shock test required. 
R .  Water Lancing 
Longitudinal Axis 
Half Sine Pulse 
20 G ' s  peak Anpiitude 
150 msec Duration 
C . Parachute Deployment 
Longitudir~al Axis 
Half Sine Pdsc  
3.6 G's  peak Amplitude 
500 n~sec Duratior, 
Lateral Axes 
Half Sine Pulse 
8 G 1 s  peak Amplitude 
100 m:it3c Duration 
Lateral Axes 
Half Sine Pulse 
1.7 G 's  peak Amplitude 
300 m?-- Duration 
./ 
, 
' .1 I c ? i ~ t  - t o  the  Linear Shaped Charge (LSC) Assembly and  the  Detonator Block 
t 'Located a t  t he  rorward  Skir t IFrustum Separation Plane 
.Ic 1. A c c e p t a ~ c e  Tss' Criteria ( 1 mill /axis) 
Z 
f Sadial A r k  Long. and  Tang.  Axes 
i-' 
). LO Y': @ 0.013 g 2 / ~ z  20 Hz @ 0.016 g 2 / ~ z  !. l 1 - 500 Hz @ +3  dBloct  20 - 150 Hz @ +3 dB1oct 
5 - 700 HZ @ 0.32 g 2 / ~ z  150 - 1000 HZ @ 0.12 g 2 / ~ ~  
i'3 - 2000 HZ @ -9 dB  loct 1000 - 2000 Hz @ -9 dE31oct 
I 
-300 'Iz 8 0.014 g 2 1 ~ z  2000 Hz @ 0.015 g21Hz 
. 
cmposite = 15.7 grms Composite = 12.5 grms 
2. Lift-ofi Random V'bration C 'eria ( 1  minlaxis) 
Radial Axis Long. and  Tang.  Axes 
20 Hz @ 0.0054 g2/FIz 20 Hz @ 0.010 g 2 / ~ z  
20 - 150 H z  8 -i3 aS ioct 20 - 100 Hz @ +3 dB/oct 
150 - 320 Hz @ 0.040 g 2 / ~ z  100 - 150 Hz @ 0.050 g 2 / ~ z  
320 - 40Q h z  Ca +6 dBIoct 150 - 190 Hz @ -6 dB loct 
400 - 800 H z  @ C.065 g 2 l ~ z  190 - 1000 Hz @ 0.030 g 2 / ~ z  
800 - 2Q00 Hz @ - 9 d B  Ioct 1000 - 2000 Hz @ -6 dB Ioct 
2000 Hz @ 0.0042 g z l ~ z  2000 Hz @ 0.0075 g 2 / ~ z  
Composite = 7.9 grms Composite = 6.8 grms 
3. Boost Random Vibratiori Criteria ( 2  miillaxis) 
Radial Axis Long. and  Tang.  Axes 
20 Hz @ 0.028 $ /HZ 
20 - 80 Hz B +3 dB Ioct 
80 - 360 Hz @ 0.11 g 2 ~ ~ z  
360 - 720 Hz @ + 3  dBI9mt 
720 - 1300 Hz @ 0.22 galHz 
1300 - 2000 Hz @ -9  dB1oct 
2000 Hz @ 0.060 g 2 / ~ z  
Composite = 21.8 grns Composite = 1';. 5 grms 
> I 
-.  Input to the Linear Shaped Charge (LSC) Assembly and the Detonator Block 
-
Located at  the Forward Skirt /Frustum Separation Plane (Cont . ) 
+ 4. Reentry Random Vibration Criteria ( 90 sec /axis) 
1 
Radial Axis Long. and Tang. Axes 
Composite = 31.4 grms 
5. Vehicle Dynamics Criteria 
Longitudinal Axis 
3.5 - 5 Hz @ 0.7 G's  peak* 
5 - 10 Hz @ 0.7 G ' s  peak 
10 - 40 Hz Q 1.0 G ' s  peak 
* Design Criteria Only 
Composite = 25.0 grms 
Lateral Axes 
2 -- 5 Hz @ 4.3 G's peak* 
5 - 10 Hz @ 0.5 G ' s  peak 
10 - 40 Hz @ 4.3 G's p?ak 
J 
Input to the Linear Shaped Charge (LSC) Assembly and the Detonator Block 4 Located at the Forward Skirt /Frustum Separation Plane (Cmt  .) 
~ t 6. Shock Test Criteria 
~~ g 
, i Tests will be nerformed by applying two shocks per mission in each axis (one in 
! each direction o r  equivalent) for a total of six shocks per mission by mechanical 
methods o r  one shock per mission by ordnance. 
- ! 
SRB IET Separation 
: ! 
50 Hz @ 24 C's peak 
50 - 100 Hz Ca +12 dB/oct 
100 Hz @ 94 G ' s  peak 
100 - 4,000 Hz @ +6 dB/oct 
4,000 - 10,000 Hz @ 3,750 G's  peak 
, 
. 
Input to the Confined Detonating Fuse (CDF) Initiators, CDF Assembly ar~d 
CDF Manifold 
1. Acceptance Test Criteria (1 min /axis) 
Radial Axis Long. and Tang. Axes 
Composite = 2 5 . 7  g ComposSte = 20.2  g 
rms rms 
2. Lift-off Random Vibration Criteria (50 sec plus 10 sec/mission in each axis) 
Rsdial Axis Long. and Tang. Axes 
Composite = 1 7 . 9  grms 
u 
* 9 ' .  
% In u t  t o  t h e  Canfined Detonating F u s e  (CDF)  In i t i a to r s ,  CDF Assembly a n d  
- % DF Manifold (Cont  . ) 
% ,, 
Boost Random Vibration Cr i t e r i a  (80 sec 
Radial Axis 
Composite = 35.1 g 
rms  
p l u s  40 sec/mission in  each  ax i s )  
Long. a n d  T a n g .  Axes  
2O Hz @ 0.070 g 2 / ~ z  
20 - 80 iiz @ +3 d B / o c t  
80 - 305 Hz Ca 0.28 g 2 / ~ z  
305 - 570 Hz @ +3 dB/oc t  
570 - 700 ;Iz @ 0.52 g 2 / ~ ~  
700 - 810 Hz @ +3 d B / o c t  
810 - 1250 HZ @ 0.60 g 2 / ~ z  
1250 - 2000 Hz @ -9  d B  Ioct 
2000 f i z  @ 0.15 g 2 / ~ z  
Composite = 28.3 grms 
4. Reen t ry  Random Vibratic ,I Cri ter ia  (60 s e c  p l u s  30 sec/mission in each a x i s )  
Radial Axis Long. and T a n g .  Axes  
2 0 -  30 Hz @ 0.80 g 2 / ~ z  
30 - 50 Hz @ +3 d B  ioct 
50 - 200 Hz @ 1.30 g 2 1 ~ z  
200 - 500 Hz i +3 dB1oct 
500 - 700 Hz Ca 3.40 g 2 / ~ z  
700 - 200C Hz @ -9  d B  Ioct 
2000 Hz @ 0.15 g 2 / ~ z  
20 Hz @ 0.80 g 2 l ~ z  
20 - 10 Hz @ +3 d B  loct  
43 - 60 Hz @ 1-60  g2 /Hz  
60 -- 65 HZ @ -12 dB/oc t  
65 - 1000 HZ @ 1.29 g 2 / H z  
1000 - 2000 t3z Cd -9  d B  /act 
2000 Hz @ 0.15 g 2 ! ~ z  
Composite = 51.5 g 
rm s 
Composite = 40.5 grms 
5. Vehicle Llynrmics Cri ter ia  
- 
Loqgitudinal Axis 
3.5 - 5 Hz @ 1.0 G t s  peak* 
5 - 40 Hz Ca 1.0 G1s peak 
* Design Cr i t e r i a  Only 
Lateral  Axes  
2 - 5 H z  @ 4.3 G1s peak* 
5 - 10 Hz @ 0.6 G1s peak  
10 - 40 Hz @ 4.3 G's p e ~ k  
Input to the Confined Detonating Fuse (CDF) Initiators, CDF Assembly and 
CDF Manifold (Cont . ) 
e .  Shock Test Criteria 
Tests will be performed by applying two shocks per mission in each axis (one in 
each direction or  equivalent) for a total of six shocks per mission by mechanical 
methods or one shock per mission by ordnance. 
A. Ordnance Shock 
50 H z  @ 47 G1s peak 
50 - 100 Hz @ +12 dBIoct 
100 Hz @ 188 G1s peak 
100 - 4,000 Hz @ +6 dB Ioct 
4.000 - 10,000 Ha @ 7,500 G I s  peak 
Longitudinal Axis Lateral Axes 
Half Sine Pulse 
20 G I s  peak Amplitude 
150 msec Duration 
Half Sine Pulse 
22 G1s peak Amplitude 
100 msec Duration 
C . Parachute Deployment 
Longitudinal Axis Lateral Axes 
Half Sine Pulse 
3.6 G1s  peak Amplitude 
500 msec Duration 
Balf Sine Pulse 
4.6 G1s peak Amplitude 
300 msec Duration 
I 
A .  
- -  ?. Input to the NSI Detonator 
1. Accqtance Test Criteria ( 1 min /axis) 
.+ 
: 3 Radial Axis Long. and Tang. Axes 
Composite = 25.6 grms Composite = 22.9 grms 
2. Flight Random Vibration Criteria ( 4  min plus 2 min1mi;sion in each axis) 
Composite = 45.8 grms 
Input to the NSI Detonator (Cont.) 
Reentry Random Vibra:ion Criteria (60 sec plus 30 sec/rnission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 51.3 grms 
Vehicle Dynamics Criteria 
Composite = 40.0 grms 
Longitudkal Axis Lateral Axes 
3.5 - 5 Hz @ 1 . 0  G's peak* 
5 - 40 Hz @ 1.0 G's peak 
* Design Criteria Onlv 
2 - 5 Hz @ 4.3 G's peak* 
5 - 10 Hz @ 0.6 GIs  peak 
10 - 40 Hz @ 4.3 G's peak 
. . .  
.: ' Input to the NSJ Detonator (Cont..! 
'+ 5. Shock Test Criteria 
Z ' 
Tests will be performed by applying two shocks per mission in each axis (one in 
- .. 
each direction or equivalent) for a total of six shocks per mission by mechanical 
. I methods or one shock per mission by ordnance. 
A. Ordnance Stlock 
50 Iiz @ 24 G1s peak 
50 - 100 Hz @ +12 dB/oct 
1000 IIz @ 94 G 1 s  ?eak 
100 - 4,000 Hz @ +6 dB/oct 
4,000 - 10,000 Hz @ 3,750 GIs  peak 
. t. B. Water Landing 
P 
Longitudinal Axis 
Half Sine Pulse 
20 G1s peak Amplitude 
150 msec Duration 
C . Parachute Deployment 
Longitudinal Axis 
Half Sine Pulse 
3.6 G1s  peaK Amplitude 
300 msec Duration 
Lateral Axes 
Half Sine Pulse 
22 G1s  peak Amplitude 
100 msec Duration 
Lateral Axes 
Half Sine Pulse 
4.6 G 's  peak Amplitude 
300 msec Duration 
Input to the Nose Cap Separation Thrusters and Pressure Cartridges 
1. Acceptance Test Criteria ( 1  min laxis) 
Radiu! Axes Long. and Tang. Axes 
Composite = 3 . 6  grms Composite = 2 . 5  grms 
2. Lift-off Random Vibration Criteria ( 1  mintaxis) 
- Radial Axis Long. and Tang. Axes 
Composite = 5 . 0  grms Composite = 5 . 0  grms 
3. Boost Random Vibration Criteria ( 2  minlaxis) 
4 
Radial. Axis Long.  and Tang. Axes 
20 - 120 Hz @ O.OO8O g 2 / ~ ~  20 - 120 ti2 @ 0.0056 g 2 / i 3 ~  
120 - 180 Hz @ +9 dB/oct 120 - 180 Hz @ + 9  dB1oct 
180 - 800 Hz @ 0.027  g Z / ~ z  180 - 1100 Hz @ 0 . 0 1 9  g2 / l i z  
800 - 2000 Hz @ -12 3B /oct  1100 - 2000 H' ? -12  dB Ioct 
2000 Hz @ 0.(1005? ?'!/HZ 2000 E7 O 0.0018 g 2 / ~ z  
Composite = 5 . 0  grms Composite = - . C  grms 
;i g 
a- +, Input to the Nos12 Cap Separktion Thrusters and Pressure Cartridges (Cont.) 
- 4 .  Reentry Rondo% Vibration Criteri3 ( 9 0  seclaxis) 
, , 
Y' Radial Ax;, Long. and Tang. Axes 
' *-.- 
C 20 - 50 H z  @ 0 . 1 3  g2/Hz 20 - 150 H z  @ 0 .022  g 2 1 ~ z  
50 - 60 H z  @ - 6  dR/oct 150 - 240 H z  @ - 9  dB Ioct 
60 - 400 Hz @ 0.090  g 2 / ~ z  240 - 1000 Hz @ 0 .013  g 2 / ~ z  
400 - 2000 Hz @ - 9 dB loct 10f 0 - 2000 Hz @ - 9  dB Ioct 
2000 Hn, @ 0.00073 ~ ~ I H Z  2000 H z  @ 0.0017 g 2 1 ~ z  
h 
Composite = 7 . 3  grms Composite = 5 . 0  grms 
5.  Vehicle Dynamics Cl iterin 
. Longitudinal Axis Lateral Axes 
3 . 5  - 5 Hz @ 0 . 7  G 1 s  peak' 
5 - 10 H z  @ 0 . 7  G I s  peak 
10 - 40 Hz @ 1 . 0  G 1 s  peak 
2 - 5 H z  @ 4 . 3  G's peak* 
5 - 10 H z  @ 0 . 5  G ' s  peak 
10 - 40 Hz @ 4 . 3  G 1 s  peak 
6 .  Shock Test Criteric ( 2  shockslaxis) 
No shock test required. 
* Design Criteria Only 
Input to  - Forward Separation Motors 
1. Acceptance Test Criteria (1 min laxis) 
Radial Axis Long. and Tang. Axes 
Composite = 4 . 3  grms Composite = 3 . 0  grms 
2. Lift-off Random Vibration Criteria (50 sec plus 10 sec/mission in each axis) 
Radial Axis Long. and Tang.  Axes 
Composite = 5.0 arms Composite = 5.0 grms 
3. Boosr :,!andom Vibration Criteria (80 sec plus 40 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 7.5 grms Composite = 5.0 grms 
4.  Reentry Random Vibration Criteria (60 sec plus 30 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
20 - 40 HZ @ 0.13 ~ ~ I H Z  
40 - 50 Hz @ - G  dB/oct 
50 - 600 H Z  @ 0.085 g 2 / ~ ~  
600 - 2000 H z  @ - 9  dB Ioct 
2000 Hz @ 0.0023 g21Hz 
Coniposite = 8.6 grrns Composite = 6 .1  grms 
Input to the SRB For~:.~*d Separation Motors (Cont.) 
5. Vehicle Dynamics Criteria 
Longitudinal Axis 
3.5 - 5 Hz @ 0.7 Gfs peak* 
5 - 10 H z  @ 0.7 G t s  peak 
10 - 40 H z  $ 1.0 Cfs  peak 
Lateral Axes 
i ) H z  @ 4.3 G1s peak* 
5 - 10 H z  @ 0.5 G f s  peak 
10 - 40 H z  @ 4.3 G's  peak 
6. Shock Test Criteria 
Tests will be performed by applying two shocks per mission in each axis (one in 
each direction or equivalent) for a total of six shocks per mission by mechanical 
methods or one shock per mission by ordnance. 
A .  Ordnance 
No shock test required. 
B.  Water Landing 
Longitudinal Axis 
Half Sine Pulse 
40 g's peak amplitude 
50 msec duration 
,.., C . Parachute deploy me^. t 
i Longitudinal Axis 
Half Sine Pulse 
1.0 gf s peak amplitude 
300 msec duration 
* Design criteria only 
Lateral Axes 
Half Sine Pulse 
15 g f s  peak amplitude 
100 msec duration 
Lateral AT -s 
Kalf Sine Pulse 
5.1 g f s  peak amplitude 
300 msec duration 
Input to the Forward Separation Motors (Cont .) 
7 .  Acoustic Criteria 
2 (One-third Octave Band Acoustic Specification in dB re 20 N / m  ) 
Geometric Mean 





Overall SPL 154.0 168.0 165.0 
Duration 50 sec plus 80 see plus 





































60 sec plus 




- . t' 
.> . Input to Aft Separation Motors 
'+ .( 1. Acceptance Test Criteria (1  minlaxis) 
Radial Axis Long. and Tang. Axes 
. * 
20 - 200 Hz @ 0.13 g 2 / ~ z  
200 - 350 Hz O -12  dB/oct 
350 - 1000 Hz @ 0.015 g2/Hz 
1000 - 2000 Hz B -6  dB Ioct 
2000 Hz @ 0.0038 g 2 / ~ z  
Compvsite = 7.0 grms Composite = 9.2 grms 
2. Lift-off Rsndom Vibration Criteria (50 sec plus 10 seclmission i r  each axis) 
Radiai Axis Long. arid Tang. Axes 
20 Hz @ 0.010 g2iHz 
20 - 55 Hz @ +6 dB /oct 
55 - 2,J Hz @ 0.077 g 2 / ~ z  
200 - 280 Hz @ -12 dB/oct 
283 - 1200 H z  @ 0.018 g 2 i ~ z  
1200 - 2000 H z  @ - 3  dB ioct 
2000 H z  @ 0.010 g 2 i ~ z  
Composite = 6.6 grms Composite = 10.0 grms 
3. Boost Randoin Vibration Criteria ( S O  sec plus 04 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 14.0 grms Composite = 18.4 grms 
4. Reentry Random Vibration Criteria (60 sec plus 30 seclmission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 14.0 grms Composite = 17.6 grms 
Input to Aft Separation Motors (Cont .) 
5. Vehicle Dynanics Criteria 
Longitudinal Axis 
3.5 - 5 H z  @ 0.7 gls peak* 
5 - 10 Hz @ 0.7 gls peak 
10 - 40 Hz @ 1.0 gls peak 
Lateral Axes 
2 - 5 H z  @ 2.0 gls peak* 
5 - 10 H z  @ 0.5 g's peak 
10 - 40 Hz @ 3.7 g's peak 
6. Shock Test Criteria 
Tests will be gerformed by applying two shocks per mission in each axis (one in 
each direction or equivalent) for a total of six shocks per mission by mechanical 
methods or one shock per mission by ordnance. 
A Ordnance 
50 Hz @ 24 gls peak 
50 - 100 Hz @ +12 dB/oc? 
100 Hz @ 94 gls peak 
100 - 4000 Hz @ +6 dB/oct 
4000 - 10000 Hz @ 3750 gls peak 
B. Water Landing 
Longitudinal Axis 
Half Sine Pulse 
20 gls peak 
150 msec duration 
C . Parachute Deployment 
Longitudinal Axis 
Half Size Pulse 
3.6 g's peak am;>litude 
300 msec duration 
* Design criteria only 
Lateral Axes 
Half Sine Pulse 
20 g's peak amplitude 
100 msec duration 
Lateral Axes 
Half Sine Pulse 
3.4 g's peak amplitude 
300 msec duration 
-> 
Input to Aft Separation Motors (Cont . ) 
T- 7. Acoustic Criteria 
& 
(One-third Octave Band Acoustic Specification in 5B re 20 N/m2) 
. . 
Geometric Mean inflight Fluctuating Oscillating 
Frequency (Hz) Lift-off Pressure Shock 
5.0 132.0 150.0 
6.3 133.0 151.0 
8.0 134.0 152.0 
10.0 135.5 153.0 
12.5 137.0 154.0 
16.0 138.0 154.5 
20.0 139.5 155.0 
25.0 141.0 156.0 
31.5 142.0 157.0 
40.0 143.5 157.3 
50.0 144.5 15". 5 
63.0 145.5 157.5 
80.0 146.0 157.5 
100.0 146.5 157.0 
125.0 147.0 157.0 
160.0 147.5 156.0 
200.0 147.5 155.5 
250.0 147.5 155.0 
315.0 147.0 154.0 
400.0 147.0 153.0 
500.0 146.5 152.0 
630.0 146.0 151.0 
800.0 145.5 :-9.0 
1000.0 145.0 149.0 
1250.0 144.5 148.0 
1600.0 144.0 246.5 
2000.0 143.5 145.5 
2500.0 143.0 145.5 
3150.0 142.0 143.0 
4000.0 141.0 142.0 
5000.0 140.0 141.0 
6300.0 139.0 140.0 
_. 8000.0 138.0 139.0 
10000.0 137.0 138.0 
Overall SPL 159.5 169.0 
Duration 50 sec plvs 80 sec plus 
10 sec per 40 sec per 
mission mission 
Reentry 
60 sec plus 





% Input to the  SRBIET Forward Attach Point Separation Bolt 




20 Hz @ 0.020 g2/Hz 
20 - 32 Hz B + 3  dB1cy.t 
32 - 46 Hz @ 0.032 g /Hz 
46 - 125 Hz @ + 3  dB/oct 
125 - 500 HZ @ 0.087 ~ - / P z  
I 500 - 840 Hz @ - 9 dB /act 
840 - 2000 Hz @ 0.018 g2iHz 
Long. and Tang. Axes 
Composite = 8 . 6  grms Composite = 9 . 9  grms 
2. Lift-off Random Vibration Criteria (1 miniaxis) 
Radial Axis Long. and Tang. Axes 
Composite = 10.1 grms Composite = i 2 . 3  grms 
3. Boost Random Vibration Criteria ( 2  min leuis) 
Radial Axis Long. and Tarig. Axes 
Composite = 17.2  grms Composite = 19.9  grms 
4 .  Reentry Random Vibration Criteria (6i) sec plus 30 sec/mission in each axis) 
Input to the SRB IET Forward Attach Point Separation Bolt (Cont .) 
5 .  Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
3.5 - 5 Hz @ 1.0 G's  peak* 
5 - 40 Hz d 1.0 G1s peak 
6.  Shock Test Criteria ( 2  shockslaxis) 
2 - 5 Hz @ 1.7 G1s peak* 
5 - 10 Hz @ 0.6 G1s peak 
10 - 40 Hz @ 1.7 G1s peak 
N o  shock test required. 
* Design Criteria Only 
< , .  
*> Input to the Separation Bolt Pressure Cartridges ( N S I  Pressure Cartridge) 
1. Acceptance Test Criteria (1  minlaxis) + 
2. Flight Random I'ib~~atim Criteria ( 6 min /axis) 
Composite = 2 3 . 2  grms 
3. Reentry Random Vibration Criteria (60 sec plus 30 sec/mission in each axis) 
N /A 
4 .  Vehicle Dynamics Criteria 
2 - 5 H z  @ 1 . 7  G's peak* 
5 - 10 H z  @ 1.9 G's peak 
10 - 40 Hz @ 1 .7  G's peak 
5 .  Shoc' Test Criteria ( 2  shocks/axis) 
-. 
bid shcc - test required. 
* Design Criteria On1 
I n p u t  t o  t h e  SRB Holddown Frang ib le  Nut a n d  Bolt 
. P 4 1. Acceptance T e s t  Cr i t e r i a  ( 1  minlaxis)  
. a .  
a t  
. $ Radial Axis Long. a n d  T a n g .  Axes  
20 Hz @ 0.00027 g 2 1 ~ z  20 Hz @ 0.000020 g ? ! ~ z  
20 - 90 Hz @ +6 dB/oc t  20 - 600 Hz @ +5 dB10ct 
90 - 150 Hz @ 0.0048 g 2 l ~ z  600 - 1000 Hz @ 0.0062 ~ ~ I H L  
150 - 165 Hz 9 - 9  dR/oc t  1000 - 2000 Hz @ -6 dB10ct 
165 - 1000 Hz @ 0.0035 g 2 1 ~ z  2000 Hz @ 0.0016 g2/Hz 
1 000 - 2000 Hz @ - 3  d B  loct 
2000 Hz @ 0.0018 g 2 / ~ z  
Composite = 2.5 grms Composite = 2.6 grms 
2. Random Vibration Cri ter ia  ( 1 min l ax i s )  
Radial Axis Long. a n d  T a n g .  Axes  
20 Hz @ 0.0094 g 2 1 ~ z  20 Hz @ 0.000080 g 2 / ~ z  
20 - 90 Hz @ +6 dB Ioct 20 - 601) Hz @ +5 dB /oct  
90 - 150 Hz @ 0.019 g 2 / ~ z  600 - 1000 Hz @ 0.025 g 2 1 ~ z  
150 - 135 HZ @ - 9  dB/oc t  1000 - 2000 Hz @ -6 d B  / O C ~  
165 - 1000 Hz @ 0.014 g 2 1 ~ z  2000 Hz @ 0.0063 g21i3z 
1000 - 2000 Hz @ - 3  dB10ct 
2000 Hz @ 0.0G70 g2 /Hz  
Composite = 5.0 grms Composite = 5.3 grms 
3. Vehicle Dynamics Cr i t e r i a  
N /A 
4. Shock T e s t  Cr i ter ia  ( 2  shocks iax i s )  
N /A 
.ii .& F Input to the SRB Main Parachute at the Upper Ring (Station No. 318) 
=, 
i 1. Acccp,'.ance Test Criteria ( 1 niin /axis) 
1 - 
Radial Axis Long. and Tang. Axes 
Composite = 3.3 grms Composite = 2.5 grms 
2. Lift-off Random Vibration Criteria (50 sec plus 10 Lec/mission in each axis) 
- .  
. Radial Axis Long. and Tang. Axes 
Composite = 5.0 grms Composite = 5.0 grms 
3. Boost Random Vibration Criteria (80 sec plus 40 sec /mission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 5.0 grms Composite = 5.0 grms 
:f 
Input to the SRB Main Parachute at the Upper Ring (Station No. 318) (Cont.) 
4 .  Reent-v Random Vibration Criteria (60 sec plus 30 sec/mission in each axis) 
Radial Axis 
20 - 60 Hz @ 0.11 g 2 l ~ z  
60 - 73 H Z  0 -6 d B / ~ t  
73 - 400 3 z  0 0.075 g 2 / ~ z  
400 - 2000 H Z  @ -9  d B / ~ t  
.J:, 2000 Hz B 0.00060 g 2 / ~ z  
'> Z 
- Composite = 6.7 gr,,, 
I 
I 5. Vehicle Dynamics Criteria 
. $  
. Longitudinal Axis 
3.5 - 5 Hz @ 0 .7  G1s peak* 
5 - 10 Hz 0 0.7  G1s peak 
10 - 40 Hz @ 1 . 0  G1s peak 
* 
* Design Criteria Only 
" f .  
4 
Long. and Tang. Axes 
Composite = 3 .0  grms 
2 - 5 Hz @ 4 . 3  G 1 s  peak* 
5 - 10 Hz @ 0 . 5  G T s  peak 
10 - 40 H z  @ 4 . 3  G1s peak 
Input to the *S!i'ti iviain Parachute at the Upper R i n g  (Statian No. 318) (Cont.) 
6. Shock Test Criteria 
Tests will 5e performed by applying two shocks per  n~issier! ir each axis (one in 
each direction o r  equivalent) for a total of six shocks per  mis;,.>n by mechanical 
methods o r  one shock pe r  mission by ordnance. 
A .  Forward Skirt /Frustum Separation 
50 Hz @ I*  5's peak 
50 - 100 Hz @ +12  dB/oct 
100 Hz @ 47 G ' s  peak 
100 - 4,000 Hz @ +6 dB /oct 
4,000 - 10,000 H z  @ 1,875 G ' s  peak 
B.  Water Landing 
Longitudinal Axis Lateral Axes 
Half Sine Pulse 
40 G's peak Amplitude 
50 msec Duration 
Half Sine Pulse 
15 G's peak Amplitude 
100 msec Duration 
C . Parachute Deployment 
Lateral Axes Longitudinal Axis 
Half Sine Pulse 
1.0 G's peak Amplitude 
300 msec Duration 
Half Sine Pulse 
5.7 C's peak Amplitude 
300 msec Duration 
1 
I n p u t  t o  t h e  SRB blain Parachu te  a t  t h e  Lower Ring  (Station No. 367) 
"t 1. Acseptance T e s t  Cr i ter ia  ( 1 min l ax i s )  
Radial Axis Long. a n d  T a n g .  Axes  
f , 20 - 40 HZ @ 0.016 g 2 / ~ ~  20 - 600 Hz @ 0.0072 g2 /Hz  b 40 - 48 Hz @ -6 dBloc t  600 - 2000 Hz @ -9 d B  Ioct 
q 48 - 100 Hz @ 0.011 g 2 / ~ z  2000 HZ @ 0.00020 ~ ~ I H Z  
400 - 2000 Hz @ -9  dB Ioct 
2000 Hz @ 0.000082 g21Hz 
:, r 
t Composite = 2.5 grms Composite = 2.5 grms 
2 .  Lift-off Random Vibration Cri ter ia  (50 s e c  p l u s  10 s e c  /mission in each  a x i s )  
. ' 
. Radial Axis Long. a n d  Tarlg. Axes  
20 Hz @ 0.017 g 2 / ~ z  20 Hz U 0.011 g 2 i ~ z  
20 - 28 i-lz @ +3 dB10ct 20 - 40 Iiz Cd + 3  dB10ct 
28 -- 800 Hz CJ 0.023 g 2 / ~ z  40 - 900 Hz @ 0.022 g21Hz 
- ,  800 - 2000 Hz @ -12 d B  /oct 900 - 2000 Hz @ -12 dB1oct 
2000 Hz @ 0.00069 g z l ~ z  2000 Hz @ 0.00090 g 2 / ~ z  
Composite = 5.0 grms Composite = 5.0 grmS 
3. Boost Random Vibration Cri ter ia  (80 s e c  plus 40 seclmission in  each  ax i s )  
Radial Axis Long. and T a n g .  Axes 
20 - 120 HZ @ 0.0083 g 2 / ~ ~  20 H Z  @ 0.0028 ~ Z / H Z  
120 - 180 Hz @ +9 dB/oc t  20 - 40 Hz @ + 3  dBloc t  
180 - 800 Hz @ 0.027 g 2 1 ~ z  40 - 120 Hz @ 0,0051 g 2 l ~ z  
800 - 2000 Hz @ -12 dBloc t  120 - 180 Hz @ +9  d B / o e t  
2000 Hz @ 0.00069 g21Hz 180 - 1100 Hz @ 0.020 g 2 1 ~ 1 ,  
1100 - 2000 l l z  @ -12 dEi/oct 
2000 H z  @ 0.0023 g 2 / ~ z  
Composite = 5.0 g 
rms Composite = 5. G g 
r m  s 
u .  
<*. . , .. 'i'. 
. f Input to tl 
e %- 
1) I 
he 9RB Main Parachute at the  Lower Ring (Station No. 367) (Cont.) 
4 ! 
4 .  Reentry Random Vibration Criteria (60 sec plus 30 seclmission in each axis) 
,- 4 
I Radial Axis Long. and Tang. Axes; 
Composite = 5.0 n. 
"rms 
5.  Vehicle Dynamics Criteria 
Longitudinal Axis 
5 - 5 Hz @ 0.7 G I s  peak* 
5 - 10 Hz @ 0.7 G ' s  peak 
10 - 40 Hz @ 1.3 G I s  p r y k  
Composite = 5.0 grms 
Lateral Axes 
2 - 5 H z  @ 4.3 GIs pcak* 
5 - 10 Hz @ 0.5 G's pcak 
10 - 40 hz @ 4.3 GIs peak 
* Design Criteria Only 
Inpui to the SRB Main Parachute at the Lower Ring (Statinn No. 367) (Cont.) 
S 
6. Shock Test Criteria 
Tests will be perforwed by spplying two shocks per mission in each axis (one in 
each direction or  equivalent) for a total of six shocks per mission bv mechanical 
methods or  one shock per mission by ordnance. 
A .  Forward Skirt /Frustum Separation 
50 Hz @ 24 GIs peak 
50 - 100 Hz @ +12 dB/oct 
100 Hz @ 94 G's peak 
100 - 4,000 Hz @ +6 dB /oct 
4,000 - 10,000 Hz @ 3,750 G's peak 
B. Water Landing 
Longitudinal Axis 
Half Sine Pulse 
40 G ' s  peak Am~litude 
50 msec Duration 
C . Parachute Deployment 
Longitudinal Axis 
Half Sine Pulse 
1.0 C's peak Amplitude 
300 msec Duration 
Lateral Axes 
Half Sine Pulse 
15 G's  peak Amplitude 
100 msec Duration 
Lateral Axes 
Half Sine Pulse 
5.7 C's peak Amplitude 
300 msec Duration 
a > 
f - Input to the SriB Drogue Parachute at  the Lower Ring (Station No. 275) 
\ 1. Acceptance Test Criteria ( 1 min /axis) 
2 
Radial Axis Long. and Tang. Axes 
Composite = 3.6 g 
r.ns 
Composite = 2.5 grms 
2 .  Lift-off Random Vibration Criteria (50 sec plus 10 seclmission in each axis) 
Rodial Axis Long. and Tang. Axes 
Composite = 5.0 g 
r m s  Composite = 5.0 grms 
3. Boost Random Vibration Criteria (80 sec plus 40 secimission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 5.0 g Composite = 5.0 grm, 
r m  s 
Input to the SRB Drogue Parachute at the Lower Ring (Stltion No. 275) (Cont.) 
4. Reentry Random Vibration Criteria (60 sec plus 30 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
20 - 50 Hz @ 0.13 g 2 / ~ z  20 - 150 Hz @ 0.055 g 2 1 ~ z  
50 - 60 Hz @ - 6  dB/oct 150 - 240 Hz @ -9  dB/oct 
60 - 400 H z  @ 0.090 g * / ~ z  240 - 1000 Hz @ 0.013 g 2 / ~ z  
400 - 2000 Hz @ - 9  dB loct 1000 - 2000 Hz @ - 9  dB/oct 
2000 Hz @ 0.00073 g Z / ~ z  2000 H Z  @ 0.0017  HZ 
Composite = 7.3 g Composite = 5.0 grms 
r m s  
5. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
3.5 - 5 Hz @ 0.7 G's peak* 
5 - 10 Hz @ 0.7 G's  peak 
10 - 40 Hz @ 1.0 G1s peak 
6. Shock Test Criteria 
No shock test required. 
* Design Criteria Only 
2 - 5 Hz @ 4.3 G ' s  peak* 
5 - 10 Hz @ 0.5 G's  peak 
10 - 40 Hz @ 4.3 G1s peak 
o? Input to the Main Chute Release Separation Nut 
1. Acceptance Test Criteria ( 1 m k  laxis) 
x 
Radiai Axis Long. and Tang. Axes 
Composite = 15.7 grms Composite = 12.5 grms 
2. Lift-off Random Vibration Criteria ( 1 min laxis) 
Radial Axis Long. and Tang. Axes 
Composite = 7.9 grms Composite = 6.8 g,, 
3. Boost Random Vibration Criteria ( 2  min /axis) 
Radial Axis Long. and Tang. Axes 
Composite = 20.7 grms Composite = 17.0 grms 
+. 
.*a S Input to t h e  Main Chute  Release Separation Nut (Cont.)  
4. Reentry Handom Vibration Cr: teria ( 90 sec laxis) 
t 
2 Radial Axi s  Long. and Tang. A x e s  
. 20 Hx @ 0.053 g 2 l ~ z  
i 20 - 500 HZ Q +3 dB l ~ t  
500 - 700 Hz @ 1.30 g 2 1 ~ z  
709 - 2000 Hz @ - 9 dR Ioct 
I 2000 Hz @ 0.056 galHz 
Composite = 31.4 g,,, Composite = 25.0 grms 
5. Vehicle Dynamics Criteria 
Longitudinal Axi s  Lateral A x e s  
3 . 5 -  5 H z @ I . : : G ' s p e a k *  
5 - 40 Hz @ L.0 5 ' s  peak 
2 - 5 Hz @ 1.7  G t s  peakek 
5 - 10 Hz @ 0 . 6  GIs peak 
10 - 40 Hz @ 1 .7  GIs peak 
* Design Criteria Only 
i? Input to the Main Cnute Release Separation Pjut (Cont.) 
, 
a* 6. Shock Test Criteria 
1 
Tests will be performed by applying two shocks per mission in each axis (one in 
. +I each direction or equivalent) for a total of six shocks per mission by mechanical 
methods or one shock per mission by ordnance. 
A. Forward Skirt /Frustum Separation 
50 Hz @ 94 G I s  peak 
50 - 100 Hz @ +12 dB Ioct 
100 Hz @ 375 GIs  peak 
100 - 4,000 Hz @ +6 dB Ioct 
4,000 - 10,000 Hz @ 15,000 GIs  peak 
B . Water Landing 
Longitudinai Axis Lateral Axes 
Half Sine Pulse 
20 G's peak Amplitude 
150 msec Duration 
Half Sine Pulse 
22 G ' s  peak Amplitude 
100 msec Duration 
C . Parachute Deployment 
Longitudinal Axis Lateral Axes 
Half Sine Pulse 
3.6 G I s  peak Amplitude 
300 msec Duration 
Half Sine Pulse 
4.6 GIs  peak Amplitude 
300 msec Duration 
Inpu t  t o  t h e  I n t e g r a t e d  Electronics Assembly (IEA) Located on  t h e  Forward  
Sk i r t  Reaction R i n g  
1. Acceptance T e s t  Cr i t e r i a  ( 1 min laxis)  
Composite = 6 .1  g 
r m s  
Qualification /Acceptance T e s t  Cr i ter ia  ( 5  min /axis) 
20 Hz @ 0.028 g2 /Hz  
20 - 80 Hz B + 3  d B / o c t  
80 - 350 Hz @ 0.11 g 2 / ~ z  
350 - 2000 Hz @ - 3  d B  Ioct 
2000 H Z  @ 0.02 ~ ~ I H Z  
Composite = 10.3 grms 
2. Lift-off Random Vibration Cri ter ia  (50 sec p l u s  I 0  sec/missioil in each  ax i s )  
Radial Axis Long. a n d  T a n g .  Axes  
20 Hz @ 0.0072 g 2 / ~ z  20 H Z  @ 0.012 g 2 / ~ z  
20 - 50 Hz @ +3 dB/oc t  20 - 34 Hz @ +3 dB/oc t  
50 - 180 Hz @ 0.018 g 2 1 ~ z  34 - 150 Hz @ 0.020 g 2 / ~ z  
180 - 230 Hz @ +6 d B  /cot 150 - 180 Hz @ -6 dB/oc t  
230 - 800 Hz @ 0.030 g2/Hz 180 - 1000 HZ @ 0.013 g2 /Hz  
800 - 2000 Hz @ - 9 d B  Ioct 1000 - 2000 Hz @ -6 d B  Ioct 
2000 Hz @ 0.0020 g2/Hz 2000 ilz @ 0.0033 g 2 / ~ z  
Composite = 5.6 grms Composite = 5.0 grms 
. Boost Random Vibration Cri ter ia  (80 sec p l u s  40 sec/missior, in  each a x i s )  
Radial Axis Long. a n d  T a n g .  Axes  
20 H Z  @ 0.010 ~ Z I H Z  
20 - 130 Hz @ +3 d B  Ioct 
130 - 580 Hz @ 0.065 g21Hz 
580 - 2000 HL @ -6  d B  Ioct 
2000 Hz Ca 0.0056 g 2 / ~ z  
20 Hz @ 0.016 gX/Hz 
20 - 33 Hz @ +3 d B  loct  
33 - 930 Hz @ 0.026 g2 lHz  
930 - 2000 Hz @ -6 d B  loct 
2000 Hz @ 0.0056 g21Hz 
Composite = 7.9 grms Composite = 6.1 grnls 
' 
',->  
In ut to the Integrated Electronics Assembly (IEA) Located on the Forward 
-%kirt Reaction Ring (Cont . ) 
\ - 
c 4. Reentry Random Vibration Criteria (60  sec plus 30 sec/mission in each axis) 
. a Radial Axis Long. and Tang. Axes 
Composite = 6 . 9  grms 
5. Vehicle Dynamics Criwria 
Longitudinal Axis 
3 . 5  - 5 Hz @ 1 .0  G's  peak* 
5 - 40 Hz @ 1 .0  G's  peak 
. 
* Design Criteria Only 
Composite = 5.6 grms 
Lateral Axes 
2 - 5  Hz @ 1 . 7  G ' s  peak* 
5 - 10 Hz @ 0 . 6  G ' s  peak 
10 - 40 Hz @ 1.7 G 's  peak 
. .. 
?. : In ut to the Integrated Electronics Assembly (IEA) Located on the Forward s,kirt Reaction Ring (Cont .) 
6. Shock Test Criteria 
T ~ s t s  will be performed by applying two shocks per mission in each axis (one in 
each direction or equivalent) for a total of six shocks per mission by mechanical 
methods or one shock per mission by ordnance. 
A.  Forward Skirt /Frustum Separation 
50 Hz @ 12 G1s  peak 
50 - 100 Hz @ +12 dB/oct 
100 H z  B 47 G I s  peak 
100 - 4,000 H z  @ +6 dB /oct 
4,000 - 10,000 H z  @ 1,875 G I s  peak 
B Water Landing 
Longitudirial Axis 
Half Sine Pulse 
20 G1s peak Amplitude 
150 msec Duration 
Parachute Deployment 
Longitudinal Axis 
Half Sine Pulse 
3.6 G ' s  peak 
300 msec Duration 
Lateral Axes 
Half Sine Pulse 
22 G I s  peak Amplitude 
100 msec Duration 
Lateral Axes 
Half Sine Pulse 
4.6 G I s  peak Amplitude 
300 msec Duration 
. %  
f 1 '  
? . -  In ut to the Integrated Electronics Assembly (IEA) Located on the Forward 
s 95kirt Reaction Ring (Cont .) 
7. Acoustic Criteria 
2 (One-third Octave Band Acoustic Specification in dB r e  20 p N / m  ) 
Geometric Mean 










































































Overall SPL 144.0 150.0 152.5 + 
Duration 50 sec plas 80 sec plus 
, - 10 sec per 40 sec per 
i mission mission 
60 sec plus 
30 sec per 
mission 
I n p u t  t o  t h e  I n t e g r a t e d  Electronics Assembly (IEA) Located Between T h e  Webs 
of t h e  SRBIET Aft At tach Ring  
1. Acceptance T e s t  Cr i t e r i a  (1 min l ax i s )  
20 H Z  @ 0.01 ~ ~ I H Z  
20 - 80 Hz @ +3 dB Ioct 
80 - 350 HZ @ 0.04 g 2 1 ~ z  
350 - 2000 Hz @ - 3 d B  Ioct 
2000 Hz @ 0.007 g 2 1 ~ z  
Composite = 6.1 grms 
Qualifi-ation /Acceptance T e s t  Cr i t e r i a  ( 5 min /axis)  
20 Hz @ 0.028 g f 2 / ~ z  
20 - 80 Ez @ +3 dBloc t  
80 - 350 HZ @ 0.11 g2 /Hz  
350 - 2000 Hz @ - 3  d B  Ioct 
2000 Hz @ 0.02 g 2 1 ~ z  
Composite = 10.3 g 
r m s  
2. Flight Random Vibration Cr i t e r i a  ( 4  min p l u s  2 minlmission i n  each ax i s )  
Radial Axis Long. a n d  T a n g .  Axes  
20 - 50 Hz @ 0.030 g2/Hz 
50 - 150 Hz @ + 3  dB/oc t  
150 - 500 HZ @ 0.090 ~ ~ I H Z  
500 - 2000 Hz @ -6 d B  Ioct 
2000 Hz @ 0.0056 g 2 / ~ z  
Composite = 8.5  g 
r m s  
20 - 50 Hz @ 0.015 g 2 / ~ : :  
50 - 150 Hz @ +3 dB1oct 
150 - 500 Hz @ 0.045 g2/11: 
500 - 2000 Hz @ -6 d B  Ioct 
2000 Hz @ 0.0028 g 2 / ~ z  
Composite = 6.0 grms 
.I 
. 5 : I n p u t  t o  t h e  I n t e g r a t e d  Electronics Assembly (IEA) Located Between t h e  Webs 
of t h e  SRB IET Aft At tach Ring  (Cont .) 
* 3 3. R e e n t r y  Random Vibration Cr i t e r i a  (60 seconds  p l u s  30 secondslmission i n  each  
'+ a x i s  
' . *  Radial Axis  Tangent ia l  Axis 
20 H Z  @ 0.2 
20 - 30 Hz @ + 3  dB1oct 
30 - 70 HZ @ 0.3 ~ ~ I H Z  
70 - 100 Hz @ -10 d B  Ioct 
100 - 500 HZ @ 0.09 g 2 l H ~  
j 500 - 2000 HZ @ -6 d B  /act 
2000 Hz @ 0.0056 g 2 / ~ z  
Composite = 9.5 g 
rms  
Composite = 6.2 grms 
Longitudinal Axis 
20 Hz @ 0.05 g 2 1 ~ z  
20 - 50 Hz @ +4.5 dB1oct 
50 - 80 Hz @ 0.2 g 2 / ~ z  
80 - 150 Hz @ -7 dB1oct 
150 - 750 Hz B 0.045 g 2 1 ~ z  
750 - 2000 Hz @ -6 d B  Ioct 
2000 Hz 13 0.006 g 2 / ~ z  
Co~nposi te  = 8.0 grms 
4. Flight Random Vibration Delta Qualification Cr i t e r i a  (80 seconds  p l u s  40 seconds  
3 ; - ,  
p e r  mission) 1 
Longitudinal Axis 
20 - 40 Hz @ 0.002 g 2 / ~ z  
40 - 90 Hz @ +18.5 dBIoct  
90 - 110 Hz B 0.30 g 2 ~ ~ z  
110 - 200 Hz cd -17 dBIoct  
200 - 600 Hz @ 0.01 g21Hz 
600 - 2000 Hz @ -11.5 d B  Ioct 
2000 H;: @ 0.001 g 2 ~ ~ ~  
Composite = 4.7 grms 
- 
Input to the Integrated Electronics Assembly (IEA) Located Between The Webs 
of the SRB /ET Aft Attach Ring (Cont. 1 
4. Vehicle Dynamics Criteria 
Longitudinal Axis 
3.5  - 5 Hz @ 1.0 G1s  peak* 
5 - 40 Hz @ 1.0 G's  peak 
Lateral Axes 
2 - 5 Hz @ 1.7 G'ls peak* 
5 - 10 Hz @ 0.6 G t s  peak 
10 - 40 Hz @ 1.7 GIs  peak 
5. S h o c ~  Test Criteria 
I 
Tests will be performed by applying two ;hocks per mission in each axis (one in 
each direction or equivalent) for a total of six shocks per missic n by mechanical 
methods or one shock per mission by ord.l,snce. 
A .  Ordnance Shock 
No shock test required. 
B. Water Landing 
Longitudinal Axis 
Half Sine Pulse 
20 G1s  peak Amplitude 
150 msec Duration 
C . Parachute Deployment 
Longitudinal Axis 
Half - h e  Pulse 
3.6 G's peak Amplitude 
500 msec Duration 
Lateral Axes 
Yalf Sine Pulse 
8 G I s  peak Amplitude 
100 msec Duration 
Lateral Axes 
Half Sine Pulse 
1.7 G I s  peak Amplitude 
300 msec Duration 
* Design Criteria Only 
Input to the Integrated Electronics Assembly :IEA) Located Between The Webs 
of the SRBIET Aft Attach Ring (Cont .) 
6. Acc ~s t i c  Criteria 
2 (One-third Octave Band Acoustic Sptcification in dB r? 20 p N  /m ) 
Geometric Mean 
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Overall SPL 147.5 55.0 162.0 
Duration 59 sec plus 80 sec plus 
10 sec per 40 sec per 
1?2ission mission 
60 sec plus 
30 sec per 
mission 
Input to the Aft Integrated Electronics Assembly (IEA) Isolation S ~ ~ t ~ r t r  
1. Acceptance Test Criteria (5  minlaxis) * 
*Input tc IE.4 in hardmount configuration 
2.  Flight Random Vibration Ciniteria ( 4  min plus 2 minlmission in each axis) 
Radial Axis Longitudinal Axis 
Composite = 8. grins 
Tangential Axis 
Composite = 6.5 grms 
Composite = 9.3 grms 
3. Reentry Random Vibration Criteria (60 sec plus 30 sec/mission in each axis) 
Radial Axis Longitcdinal Axis 
Composite Composite = 18 .4  grms 
JF- 
' f 
* .  '. 
.,> ! Ir4put to the Aft Integrated Electronics Assembly (IEA) Isolation System (Cont.) 
'+ 3. Continued 
a Tangential Axis 
20 - loo H Z  ca 0.01 g 2 ~ ~ ~  
100 - 200 H z  @ +10 dB Ioct 
200 - 400 Hz @ 0.1 g 2 / ~ z  
400 - 2000 H Z  /;1 -10 dB Ioct 
2000 H z  @ 0.0005 g 2 1 ~ z  
Composite = 6.5 grm s 
4. Vehicle Dynamics Criteria 
. Longitudinal Axis Lateral Axes 
3.5 - 5 Hz @ 1.0 ii's peak* 
5 - 40Hz @ 1.0 G ' s  peak 
2 - 5 Hz @ 1.7 G 1 s  peak* 
5 - 10 Hz 8 0.6 G's peak 
10 - 40 Hz @ 1.7 G1s peak 
5. Shock Test Criteria 
Tests will be performed by applying two shocks per mission in each axis (one in 
each direction or equivalent) for a total of six shocks per  mission by mecha~iical 
methods o r  one shock per mission by ordnance. 
A .  Ordnance Shock 
h o  shock test required. 
B.  Water Landing 
Longitudinal Axis 
Half Sine Pulse 
20 G 1 s  peak Amplitude 
150 msec Duration 
C . Parachute Deployment 
-. 
Longitudinal Axis 
Half Sine Pulse 
3.6 G 1 s  peak Amplitude 
500 msec Duration 
Lateral Axes 
Half Sine Pulse 
8 G's peak Amplitude 
100 msec Duration 
Lateral Axes 
Halt Sine Pulse 
1.7 G 1 s  peak Amplitude 
300 msec Duration 
:" 
;i 3 
-4 * Design C r i t e r i ~  Only 
m \ 
~= 
In ut to the Integrated Electronics Assembly (IEA) Multiple Locations (AR 
_Ea ttach Ring and Forward Skirt Reaction Ring) 
1. Acceptance Test Criteria (1 rnin laxis) 
. i 
Composite = grms 
2. Flight Random Vibration Criteria ( 4  min plus 2 min/mission in each axis) 
X Axis (Perp. to Ends) Y Axis (Perp. to Sides) 
Composite = 6.7 g 
rm s 
Z Axis (Perp. to Bottom) 
Composite - 8.5 grms 
Composite = 7.8 g 
r m  s 
yo> Input to the Integrated Electronics Assembly (IEA) Multiple Locations ( A f t  
Attach Ricg and Forward Skirt Reaction Ring) (Cont.) 
b 3.  Reentry Random Vibraticn Criteria (60 sec plus 30 sec/rnission in each axis) 
I 
X Axis (Perpendicular to Ends) Y Axis (Perpendicular to Sides) 
. * 
Composite = 6.8 grms Composite = 5 .3  g 
rms 
Z Axis (Perpendicular to Bottom) 
Composite = 9 .5  grms 
4 .  Flight Rnndom Vibration Delta Q~ialification Criteria (80 sec plus 40 sec/mission) 
Y Axis (Perpendicular to Sidzs) 
Composite = 4 .7  grms 
I '  
e? - Input to the Integrated Electronics Assembly (IEA j Multiple 1,ocations (Aft 
Attach Ring and Forward Skirt Reaction Xing) (Cont.) 
* 4. Vehicle Dynamics Criteria 
3 
Longit auinal Axis 
3.5 - 5 Hz @ 1.0 GIs  peak* 
5 - 40 117, @ 1.0 G ' s  peak 
Lateral Axes 
2 - 5 Hz @ 1.7 G's  peak* 
> - 10 Hz @ 0.6 G I s  peak 
10 - 40 Hz @ 1.7 G 1 s  peak 
5 .  Shock Tes; Criteria 
Tests will be performed by applying two shocks per mission in each axis (one in 
each direction or  equivalent) fo? a total of six shocks per mission by mechanical 
methods or one shock per mission by ordnance. 
A.  Forward Skirt IFrusturr, Separation 
5C Hz @ 12 G I s  peak 
50- l uOHz@+12dB/oc t  
100 Hz @ 47 G'S peak 
100 - 4,000 H z  @ +6 dB Ioct 
4,000 - 10,000 Hz @ 1,875 G's  peak 
B. Water Landing 
Longitudinal Axis Lateral Axes 
Half Sine Pulse 
20 GIs  peak Amplitude 
150 msec Duration 
Half Sine Pulse 
22 G's  peak Amplitude 
100 msec Duration 
C . Parachute Deployment 
Longitudinal Axis Lateral Axes 
Half Sine Pulse 
3.6 G I s  peak Amplitude 
50i msec Duration 
* Design Criteria Only 
Half Sine Pulse 
4.6 G's  peak Amplitude 
300 msec Duration 
u 
' ,' 
. r j - j  . I r 
j 
.* I 
Input to the Integrated Electronics Assembly (IEA) Multiple Locations (Aft Attach 
Ring dnd Forward Reaction Ring) (Cont . ) 
6. Acsustic Criteria 
? 
2 (One-third Octave Band Acoustic Specification in dB re  20 ~ N l m  )
0 .  
Geometric Mean 
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Overall SPL 147.5 155.0 162.0 
Duration 50 sec plus 80 sec plus 
10 sec per 40 sec per 
mission mission 
60 sec plus 
30 sec per 
mission I 
Input to the IEA Multiplexer Interface Adapter (MIA) 
% 1. Acceptance Test Criteria (1 minlaxis) 
i 
20 Hz @ 0.032 g 2 / ~ z  
. 4 
. .  20 - 300 H z  @ +4 dB Ioct 
300 - 800 Hz @ 1.00 g 2 ~ ~ z  
800 - 2000 Hz @ -12 dB1oct 
2000 Hz @ 0.025 g 2 1 ~ z  
Composite = 29.7 grms 
2. Flight Random Vibration Criteria ( 4  min plus 2 minlmission in each axis) 
2rl H z  @ 0.13 g 2 1 ~ z  
20 - 300 Hz @ +4 dB1oct 
300 - 800 H z  @ 4.00 g 2 ~ ~ z  
800 - 2000 Iiz @ -12 dB Ioct 
2000 H Z  @ 0.10 g 2 ~ ~ ~  
Composite = 59.5 grms 
3. Reentry Random Vibration Criteria (60 sec pius 30 seclmission in each axis) 
20 Hz @ 0.13 g21Hz 
20 - 300 Hz @ +4 dB Ioct 
300 - 800 Hz @ 4.00 g 2 / ~ z  
800 - 2000 Hz @ -12 dB/oct 
2000 H Z  @ 0.10 &HZ 
Composite = 59.5 grms 
4. Vehicle Dynamics Criteria 
Longitudinal Axis 
3.5 - 5 Hz @ 1.0 G's peak* 
5 - 40 Hz @ 1.0 G1s  peak 
* Design Criteria Only 
Lateral Axes 
2 - 5 H z  @ 1.7 G1s peak* 
5 - 10 Hz B 0.6 G1s peak 
10 - 40 H z  @ 1.7 G1s peak 
, . 
\. Input to the IEA Multiplexer Interface Adapter (MIA) (Cont.) 
# 5. Shock Test Criteria 
Tests will be performed by applying two shocks per mission in each axis tone in 
each direction or equivalent) for a total of six shocks per mission by mechanical 
* methods or one shock per mission by ordnance. 
A .  Forward Skirt /Frustum Separation 
50 Hz @ 1 2  GIs peak 
5 0 -  1 0 0 H z @ + 1 2 d B / o c t  
100 Hz @ 47 G1s peak 
100 - 4,000 Hz @ +6 dB /oct 
4,000 - 10,000 Hz @ 1,875 G ' s  peak 
B.  Water Landing 
Longitudinal Axis 
Half Sine Pulse 
20 G's peak Amplitude 
150 msec Duration 
C . Parachute Deployment 
Longitudinal Axis 
Half Sine Pulse 
3.6 G ' s  peak Amplitude 
500 msec Duration 
Lateral Axes 
Half Sine Pulse 
22 G1s peak Amplitude 
100 msec Duration 
Lateral Axes 
Half Sine Pulse 
4.6 G ' s  peak Amplitude 
300 msec Duration 
Inylt to the IEA Multiplexer Interface Adapter (MIA) (Coct.) 
6 .  Acoustic Criteria 
2 (One-third Octave Band Acoustic Specification in dB re 20 p N / m  ) 
Geometric Mean 





Overall SPL 126 .5  13-1.0 
Duration 50 sec plus 80 sec plus 
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1 16 .0  
115.0 i 
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*? , Input to the IEA Internal Components (Components Mounted to the Inside IEA 
Housirg Except the Multiplexer De-Multiplexer) 
i t 
1.  Acceptance Test Criteria ( 1  minlaxis) C 
., . ., 20 H z  @ 0.032  g 2 1 ~ z  
20' - 80 H z  @ + 3  dB Ioct 
80 - 500 H z  @ 0 .12  g21Hz 
500 - 2000 H z  @ -6 dB Ioct 
2000 H z  @ 0.0078 g 2 / ~ z  
Composite = 10 .2  g 
rms 
2. Flight Random Vibration Criteria ( 4  rnin plus 2  m;n/mission in each axis) 
Composite = 20 .4  grms 
3. Reentry Random Vibration Criteria (60  sec plus 30 seclmission in each axis) 
Composite = 2 0 . 4  grms 
4 .  Vehicle Dynan:ics Criteria 
Longitudinal . 4 ~ i s  
3 . 5  - 5  H z  @ 1 . 0  G's peak* 
5  - 4 0  H z  @ 1 . 0  G's peak 
* Design Criteria Only 
Lateral Axes 
2  - 5  H z  @ 1 . 7  G1s peak* 
5  - 10 H z  @ 0 . 6  G I s  peak 
10 - 40 H z  @ 1 . 7  G's peak 
Input to the IEA Internal Components (Components Mounted to the Inside IEA 
Housing Except the Multiplexer De-Multiplexer) (Cont . ) 
5. Shock Test Criteria 
l e s t s  will be performed by applying two shocks per mission in each axis (one in 
each direction or equivalent) for a total of six shocks per mission L y mechanical 
methods or  one shock per mission by ordnance. , 
' Forbard Skirt IFrust um Sep~rat ion 
50 H z  @ 12 G ' s  peak 
50 - 100 H z  @ +12 dB/oct 
100 H z  @ 47 G1s  peak 
100 - 4,000 H z  @ +6 dB Ioct 
4 , 0 0 0  - 10,030 H z  @ 1,875 G's peak 
B . Water Landing 
Longitudinal Axis 
Half Sine Pnlse 
20 G ' s  peak Ampl:'ude 
150 msec Duration 
C . Parachute Deployment 
Half Sine Pulse 
3.6 G ' s  peak Amplitude 
500 mscc Duration 
Longitudinal Axis 
Lateral Axes 
Half Sine Pulse 
22 G ' s  peak Amplitude 
100 msec Duration 
Lateral Axes 
Half Sine Pulse 
4.6 G's peak Amplitude 
300 msec duration 
Input - to the IEA Internal Components (Components Mounted to the Inside IEA 
Housing Except the Multiplexer De-Multiplexer) (Cont . ) 
6. Acoustic Criteria 
2 (One third Octave Band Acoustic Specification in d B  re  20 p K  /m ) 
Geometric Mean 







































Overall SPL 138.5 116.0 153.0 
I Duration 50 sec plus 
10 sec per 
mission 
80 sec plus 
40 sec per 
mission 
60 cec plus 4 
30 sec per 
mission 
'. 
In ut to the IEA Multiplexer De-Multiplexer (MDM) Assembly 2- 
1. Acceptance Test Criteria (1 miniaxis) 
Composite = 6.1 grms 
Qualification /Acceptance Test Criteria (5  min taxis) 
Composite = 10. S qrms 
2. Flight Random Vibration Criteria ( 4  min plus 2 min /mission) 
X Axis (Parallel with MTG. Flange) Y Axis (Pcrp. to Top Cover) 
Composite = 14.5 grms Conlposite = 14.6 grms 
Z Axis (Perp. to MTG. Flange) 
20 H Z  @ 0.10 g 2 / ~ ~  
20 - 50 H z  @ + 4 . 5  dB loct 
50 - 130 H z  @ 0.40 g 2 / H z  
130 .- 160 Hz @ -12.5 dBioet 
160 - 650 H z  @ 0.17 g2/Hz 
650 - 2000 H z  @ -5.5 dB/oct 
2000 H Z  @ 0.022 & H Z  
Composite = 10.7 grms 
, . 
.: i- Input ti* the IEA Multiplexer De-Multiplexer (MUM) Assembly (Cont . ) 
- 
# ,  
!+ 
' 2. Reentry Random Vibration Criteria (60 sec plus 30 sec/mission) 
I X =.,IS (Parallel with MTG. Flange) Y Axis (Perp. tc Top Cover) 
Composite = 14.5 grms 
Z Axis (Perp. to MTG. Flange) 
Composite = 10.7 grms 
4. Vehiclc Dynamics Criteria 
LOP 3ltudinal Axis 
3.5 - 5 Hz @ 1.0  GIs peak* 
5 - 40 Hz @ 1.0 GIs peak 
Composite = 14.6 grms 
Lateral Axes 
2 - 5 Hz @ 1.7 GIs peak* 
5 - 10 H z  @ 0.6 2's peak 
10 - 40 Hz @ 1.7 G I s  peak 
5. Shock Test Criteria 
Tests will be performed by applying two shocks per mission in each axis (one in 
each direction or  equivalent) for a total of six shocks per mission by mechanical 
rnet!lods or m e  shock per n~ission by ordnance. 
A .  Forward Skirt /Frustum Separation 
.- , 50 Hz @ 12 G's  peak 
50 - 100 HZ @ +12 dB/oct 
.C 100 Hz @ 47 3 ' s  peak 
100 - 4,000 HZ @ +6 dB/oct 
- 4 4,000 - 10,000 I-lz @ 1,8'75 G's  peak 
Input to the IEA Multiplexer De-Multiplexer (MDM) Assembly (Cont.) 
B. Water Landing 
Longitudinal Axis 
Half Sine Pulse 
20 C1s peak Amplitude 
150 msec Duration 
C . Parachute Deployment 
Longitudinal Axis 
Hit!" Sine Pulse 
3.6 G's peak Amplitude 
500 msec Duration 
Lateral Axes 
Half Sine Pulse 
22 G t s  peak Amplitude 
100 msec Duration 
Lateral Axes 
Half Sine Pulse 
4.6 GIs  peak Amplitude 
300 msec Duration 
6. Acoustic Criteria 
2 (One-third Octave Band Acoustic Spec~llcation in dB re  20 p N / m  ) 
Geometric Mean In-Flight Fluctuating Oscillating 
Frequency (Hz)  Lift-off Pressure Shock Reentry 
-
Overall SPL 138.5 146.0 153.0 
Duration 50 sec plus 80 sec plus 
10 sec per 40 eec per 
mission mi~sion 
60 sec plus 
30 sec per 
mission 
a> - Input IG !he TVC System Upper Frame Assembly 
..* 
1. Acceptance Test Criteria (1 minlaxis) 
Z Padial Axis Long. and Tang. Axes 
Composite = 5.7 g Composite = 7 . 8  grms 
rrns 
.  
2. Lift-off Random Vibration Criteria (50 sec plus 10 seclmission in each ax is )  
Radial Axis I ~ n g .  and Tang.  Axes 
Composite = 6.0 grms Composite = 9.1 grns 
3. Boost Random Vibration Criteria (80 sec plus 40 seclmission in each axis )  
Radial Axis Long. and Tang. Axes 
Composite = 8.6 g 
r m s  
Composite = 13.2 
arms 
Input to the  TVC System Upper Frame Assembly (Cont.) 
4 .  Reentry Random Vibration Criteria (60 sec plus 30 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
20 Hz Cd 0.014 g 2 / ~ z  
d "0 - 75 Hz @ +6 d B .  dct 
75 - 800 Hz @ 0.20 g'f/Hz 
800 - 2000 H z  @ -6 dBIoct 
2000 Hz 8 0.032 g Z / ~ z  
Composite = 11.4 grms Composite = 15.7 grms 
5. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
3.5 - 5 H z  @ 0.7 G's  peak* 
5 - 10 Hz @ 0.7 G's peak 
10 - 40 Hz @ 1.0 G's  peak 
2 - 5 Hz @ 2.0 G ' s  peak* 
5 - 10 H z  O 0 . 5  G ' s  pc-ak 
10 - 40 Hz @ 3.7 G's  peak 
6. Shock Test Criteria 
Tests will be performed by applying two shocks per mission in each as i s  (one in 
each direction o r  equivalent) for  a total of six shocks per  mission by mechanical 
methods o r  one shock per  mission by ordnance. 
t 
. , 
A .  Sozzle Severance 
KO shock test required. 
* Design Criteria Only 
i 
.. 7 
0 "  P Y b. ' / ,,/ +,*' - "  + f 
C 
Input to the TVC System Upper Frame Assembly (Cont.) 
B.  Water Landing 
\ 
Longitudinal Axis 
j = .  
Half Sine Pulse 
3 20 G's peak Amplitude 
150 msec Duration 
t 
C . Parachute Deployment 
Lateral Axes 
Half Sine Pulse 
30 G's peaX Amplitude 
100 msec Duration 
Longitudinal Axis Lateral Axes 
- .  . , 
Half Sine Pulse 
3.6 G's  peak Amplitude 
300 msec Duration 
Half Sine Pulse 
3.4 G ' s  peak Amplitude 
tl  ion 300 msec Dur t' 
1 
Input to Auxiliary Propulsion Unit Isolation System 
Acceptance Test Criteria ( 1 min /axis) 
Radial Axis Longitudinal Axis 
Composite = 23.5 g Composite = 20.8 grms 
rrns 
Tangential Axis 
Composite = 1 4 . 1  g 
rms 
m 5 
Input to Auxiliary Propulsion Unit Isolation System (Cont . ) 
.i 
2.  Lift-off Random Vibration Criteria (50 sec plus 10 sec /mission /axis) 
I 
Radial Axis 
- 9  
Composite = 21.0 grms 
Longitudinal Axis 
Composite = 2 1 . 7  grms 
Tangential Axis 
Composite = 16.9 grms 
I n p u t  t o  Auxiliary Propulsion Unit Isolation System (Cont . )  
3. Boost Random Vibratior, Cr i t e r i a  (80 s e c  p l u s  40 sec/miss ion/axis)  
Radial Axis  Longitudinal  Axis 
20 H Z  @ 0.12 g 2 ~ ~ ~  
20 - 50 Hz @ +4 dB Ioct 
50 - 155 Hz @ 0.40 g 2 / ~ z  
155 - 615 Hz @ +2 dB1oct 
615 - 900 Hz @ 1.00 g21Hz 
900 - 2000 Hz @ - 9  dB Ioct 
2000 Hz @ 0.092 g 2 / ~ z  
Composite = 31.1 grms Composite = 32.0 grms 
Tangent ia l  Axis 
20 H Z  @ 0.10 ~ ~ I H Z  
20 - 30 Hz 8 +3 dB1oct 
30 - 75 Hz @ 0.15 g 2 1 ~ z  
75 - 152 Hz @ +2 d B  Ioct 
152 - 195 Hz @ 0.24 g21Hz 
195 - 300 Hz @ +12 dB1oct 
300 - 440 HZ @ 1.30 g 2 1 ~ ~  
440 - 680 Hz @ -15 dB Ioct 
380 - 2000 Hz @ 0.13 g 2 / ~ z  
Composite = 24.0 grms 
*a> , Input  t o  Auxiliary Propulsion Unit Isolation System (Cont. ) 
'. 4. Reent ry  Random Vibration Criteria (60 see plus  30 seclmission laxis)  
Radial Axis Longitudinal Axis 
-~ - '* 20 Hz @ 0.054 g21Hz 
20 - 47 Hz @ + 9  dB/oct  
47 - 77 Hz 8 0.70 ~ J ~ / H Z  
77 - 150 Hz @ +12 d B  oct 1 150 - 250 Hz @ 10.0 g /Hz 
250 - 545 Hz @ -15 dB Ioct 
545 - 2000 H Z  @ 0.20 ~ ~ I H Z  
20 H Z  @ 0.022 ~ ~ I H Z  
20 - 60 Hz @ +9 dB1oct 
60 - 200 Hz @ 0.60 g21Hz 
200 - 300 Hz @ +12 dB Ioct 
300 - 400 Hz @ 3.00 g 2 / ~ z  
400 - 500 HZ @ -15 dB10ct 
500 - 1000 Hz @ 1.00 g 2 1 ~ z  
1000 - 2000 Hz @ -6 dB/oct  
2000 Hz @ 0.25 g21Hz 
Composite = 47.0 grms Composite = 41.5 grms 
Tangential Axis 
Composite = 28.1 grms 
c a. Input to Pump 
1. Acceptance Test Criteria (1 minlaxis) 
% 
a Radial Axis Longitudinal Axis 
Composite = 8.8 grms Composite = 10.8 grms 
Tangential Axis 
Composite = 8 . 5  grms 
, j 
*? Input to Pump (Con:. 1 
+ 2. Lift-off Random Vibration Criteria (50 sec plus 10 sec /mission laxis) 
Radial Axis Longitudinal Axis 
Composite = 8.5 grms Composite = 10.8 g,,, 
. Tangential Axis 
Composite = 8.7 grms 
, .', 
0 'C Input to Pump (Cont.) 
'+ 3 .  Boost Random Vibration Criteria (80 sec plus 40 sec/mission /axis) 
Z 
Radial Axis Longitudinal Axis 
Composite = 1 7 . 8  grms Composite = 18.9 g,,, 
Tangential Axis 
Composite = 11.7 g 
rms 
< " 
a? J Input to Pump (Cont.) 
\ 1. Reentry Random Vibration Criteria ( 60 sec plus 30 sec /mission laxis) 
a Radial Axis Longitudinal Axis 
Composite = 17.5 grms 
Tangential Axis 
Composite = 16.9 grnls 
5 .  Vehicle Dynamics Criteria 
Ir 
Longitudinal Axis 
3.5 - 5 H z  @ 0.7 G's peak* 
5 - 10 Hz @ 0.7 G's peak 
10 - 40 Hz @ 1.0 G's peak 
* Design Criteria Only 
Composite = 21.5 grms 
Lateral Axes 
2 - 5 H z  @ 2.0 G's peak* 
5 - 10 Hz @ 0.5 G's peak 
10 - 40 H z  @ 3 . 7  G's peak 
Input to Pump (Cont .) 
.:. 
t 
;% ' 6. Shock Tes: Criteria ( 2  shocks/axis) 
Tests will be performed by applying two shocks per mission in each axis (orle in l 
each direction or equivalent) for a total of six shocks per mission by meek. , .  )a1 
methods or one shock per mission by ordnance. 4 
A.  Nozzle Severance 
No shock test required. 
B .  Water Landing 
Half Sine Pulse 
20 GIs peak Amplitude 
150 msec Duration 
C . Parachute Deployment 
Longitudinal Axis 
Half Sine Pulse 
3.6  G ' s  peak Amplitude 
300 msec Duration 
Lateral Axes 
ilali S i ~ e  Pulse 
30 G1s peak Amplitude 
100 msec Duration 
Lateral Axes 
Half Sine Pulse 
3.4 G's peak Amy!itude 
300 msec Duration 
Input to  HP Filter 
-- 
1 ' 1. Accep thnce Test Criteris ( 1 min laxis) 
Z 
Rad;al A x i s  
Composite = 20.1 g 
r m s  
Longitudinal A x i s  
Composite = 20 .6  grms 
b Tangential Axis 






Input to HP Filter (Cont.) 
A 
' 
1. Lift-off Rar.dom Vibration Criieri? (50 sec plus 10 sec/mission laxis) 
.+ Radial Axis Longitudinal Axis 
Composite = 20.4 g,,, Composite = 17.8 grms 
. Tangential Axis 
Composite = 18.1 gPms 
i h  
- 5  Input to HP Filter (Cont.) 
\ 2. Boost Randcm Vibration Criteria (80 see plus 40 seclmission in each axis) 
J 
Radial ,\xis Longitudinal Axis 
20 Hz @ 0.15 g 2 / ~ z  
50 Hz @ +4 d B  Ioct 
105 Hz @ 0.50 g 2 1 ~ z  
155 Hz @ +9 dB1oct 
200 Hz @ 1.60 g 2 / ~ z  
380 Hz @ -12 dB oct d 1000 Hz @ 0.12 g /Hz 
1200 Hz @ +12 dB Ioct 
2000 Hz @ 0.25 g 2 1 ~ z  
Composite = 23.6  grms Composite = 35. i grms 
Tangential Axis 
20 Hz @ 0.067 g 2 ~ ~ z  
20 - 30 Hz @ +3 dB Ioct 
30 - 80 Hz @ 0.10 g2IHz 
80 - 120 Hz @ +3 dBIoct 
120 - 210 H z  @ 0.15 g 2 / ~ z  
210 - 300 Hz @ +15 dB10ct 
300 - 400 H z  9 0.85 g 2 I ~ z  
400 - ";O HZ @ -15 dB10~t  
540 - 1180 Hz @ 0.19 g 2 1 ~ z  
1180 - 1600 Hz @ +15 dt3 Ioct 
1600 - 2000 H z  @ 0.85 g 2 ~ ~ z  
Composite = 29.3 grms 
Cs ' . .  
,.*? - ?,.:$. L- . , 
- 7 -  
. . 
Input to HP Filtsr (Cont.) 
? 3, .  
? 3. Reentry Random Vibration Criteria (60 see plus 30 sec/mission/axis) 
.? Radial Axis Longitudinal Axis 
Composite = 40.2 grms Composite = .U. 2 grms 
Tangential Axis 
. 
Composite = 39.4 grms 
Input to HP Filter (Cont.) 
\ $  6. Shock Test Criteria ( 2  shockstaxis) 
.a 
Tests will be performed by applying two shocks per mission in each axis (one in 
. . +  each direction of equivalent) for a total of six shocks per mission by mechanical 
ma.-.lads or one shock per mission by ordnance. 
A.  Nozzle Severance 
No shock test required. 
B. Water Landing 
Longitudinal Axis 
Half Sine Pulse 
20 G I s  peak Amplitude 
150 msec Duration 
C. Parachute Deployment 
Longit udinai Axis 
Half Sine Pulse 
3.6 G ' s  peak Amplitude 
300 msec Duration 
Lateral Axes 
Half Sine Pulse 
30 G I s  peak Amplitude 
100 msec Duration 
Lateral Axes 
Half Sine Pulse 
3.4 G's peak Amplitude 
300 msec Duration 
, . 
-0 
Input to Fuel Isolation Velve 
i 1. Acceptance Test Criteria ( 1 minlaxis) 
L 
Radial Axi.s 
' . *  
Composite = 14.1 grms 
Tangential A x i s  
Composite = 22.9 grms 
bngitu6inal A x i s  
Composite = 20.6 grms 
. 
* 
Input to Fuel Isolation Valve (Cont.) 
2 .  Lift-off Random Vibration Criteria (50 sec plus 10 sec/mission/axis) 
Radial Axis Longitudinal Axis 
Composite = 14.3 grms Composite = 18.8 grms 
Tangentiai Axis 
Composite = 15 .6  grms 
r\ 
I n p u t  t o  Fuel Isolation Valve (Cont .) 
"+ 3. Boost Random Vibration Cr i t e r i a  (80 sec p l u s  40 seclmission i n  each ax i s )  
Z 
Radial Axis  
Composite = 19.9 grms 
. 
Tangent ia l  Axis 
20 - 155 Hz  @ 0.10 g 2 / H z  
155 - 304 Hz @ +9 d B  Ioct 
304 - 650 HZ @ 0.75 ~ ~ I H z  
650 - 1175 Hz @ -6 dB1oct 
1175 - 2000 Hz @ 0.23 g 2 / ~ z  
Composite = 27.1 g 
rms  
Longitudinal  Axis 
20 - 110 Hz @ 0.15 g % / ~ z  
110 - 247 P z  @ +6 d B  /oct 
247 - 700 HZ @ 0.75 g 2 / ~ ~  
700 - 2000 Hz @ -7 d B  Ioct 
2000 Hz 8 0.065 g 2 / ~ z  




L .  Input to Fuel Isolation Valve (Cont . I  
\ 4 .  Reentry Random Vibration Criteria ( 6 0  sec plus 30 sec /mission /axis) 
Radial Axis 
Composite = 28 .1  grms 
Tangential Axis 
20 H z  @ 0.042  g 2 / ~ z  
20 - 70 Hz @ + 6  dB/oct 
70 - 200 H z  @ 0 .50  g 2 1 ~ z  
200 - 360 H z  @ +9 dB/oct 
360 - 700 Hz @ 3 .00  g 2 / ~ z  
700 - 1075 H z  @ -15 dB Ioct 
1075 - 2000 H Z  Ca 0 . 3 5  ~ ~ I H Z  
Composite = 4 5 . 8  grms 
$ 
5. Vehicle Dynamics Criteria 
Longitudinal Axis 
3 . 5  - 5 H z  @ 0 . 7  G's peak* 
5 - 10 H z  @ 0 . 7  G ' s  peak 
10 - 40 H z  @ 1 . 0  G ' s  peak 
Longitudirlal Axis 
Composite = 4 1 . 2  grms 
Lateral Axes 
2 - 5  H z  @ 2 . 0  G's peak* 
5 - 10 H z  @ 0 . 5  G1s peak 
10 - 40 H z  @ 3.7 G's peak 
* Design Criteria Only 
I 
\ .' Input to 
I 6. Shock Test Criteria ( 2  shocks/axis) 
. *  Tests will be performed by applying two shocks per mission i.1 each axis (one in 
each direction of equivalent) for a total of six shocks per mission by mechanical 
methods or one shock per mission by ordnance. 
A .  Nozzle Severance 
No shock test required. 
B .  Water Landing 
Longitudinal Axis 
Half Sine Pulse 
20 G I s  peak Amplitude 
150 msec Duration 
C . Parachute Deployment 
Longitudinal Axis 
Half Sine Pulse 
3.6 G 1 s  peak Amplitude 
300 msec Duration 
Lateral Axes 
Half Sine Pulse 
30 G ' s  peak Amplitude 
100 msec Duration 
Lateral Axes 
Half Sine Pulse 
3.4 G I s  peak Amplitude 
300 msec Duration 
I .  
' 
Inpu t  - t o  t h e  TVC System Lower Frame Assembly 
f 
r 1. Acceptance T e s t  Cr i t e r i a  ( 1  min l ax i s )  
% s 
,a  Radial Axis Long.  a n d  T a n g .  Axes  
20 Hz 5! 0.013 g 2 l H z  
20 - 45 Hz @ +6 dB/oc t  
45 - 200 HZ @ 0.065 g 2 ~ ~ ~  
200 - 395 Hz @ -9 d B  Ioct 
395 - 800 HZ @ 0.0085 g 2 / ~ ~  
800 - 2000 Hz @ -6 d B  Ioct 
2000 Hz @ 0.0014 g 2 / ~ z  
20 Hz @ 0.0035 g2IHz 
20 - 60 Hz B +6 d B  Ioct 
60 - 800 HZ @ C.032 g 2 / ~ ~  
800 - 2000 Hz @ -6 d B  Ioct 
2000 Hz @ 0.0052 g 2 / ~ z  
Composite = 4.8 grms Composite = 6.4 grms 
2. Lift-off Random Vibration Cr i t e r i a  (50 sec p l u s  10 seclmission in each ax i s )  
I 
Radial Axis Longitudinal  a n d  Tangent ia l  Axes 
20 - 200 H Z  @ 0.10 g 2 ~ ~ ~  
200 - 343 Hz @ -9  d B  Ioct 
343 - 1050 Hz @ 0.02 g 2 / ~ z  
1650 - 2000 Hz @ -6 dB10ct 
2000 Hz @ 0.0055 gZ/Hz 
- Composite = 7.0 grms Composite = 10.1 grms 
3. Boost Random Vibration Cr i t e r i a  (80 s e c  p l u s  40 seclmission in  each  a x i s )  
Radial Axis Long. a n d  T a n g .  Axes  
20 - 200 H Z  @ 0.10 ~ ~ I H Z  
200 - 343 Hz @ -9  dB Ioct 
343 - 1050 Hz @ 0.020 g21Hz 
1050 - 2000 Hz @ -6 dB Ioct 
2000 Hz @ 0.0055 g 2 1 ~ z  
20 - 125 Hz @ 0.040 g 2 / ~ z  
125 - 424 Hz @ +2 dBIoc t  
424 - 960 Hz @ 0.090 g 2 i H z  
960 - 2000 Hz @ -6 d B  Ioct 
2000 H Z  @ c.021 &HZ 
Composite = 7.0 grms Composite = 10.8 grms 
\ 
! '. 
-5 Input to the TVC System Lower Frame Assembly (Cont.) 
I 4 .  Reentry Random Vibration Criteria 160 sec plus 30 seclmission in each axis) 
* 
L Radial Axis Long. and Tang. Axes 
Composite = 9.7 grms Composite = 12.7 grms 
5. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
3.5 - 5 H z  @ 0.7 G1s  peak* 
5 - 10 Hz 0 0.7 GIs  peak 
10 - 40 Hz @ 1.0 G t s  peak 
2 - 5 Hz @ 2.0 G's pesk* 
5 - 10 Hz @ 0.5 G1s PC-:. 
10 - 40 Hz @ 3.7 G I s  peak 
6. Shock Test Criteria 
Tests will be performed by applying two shocks per mission in each axis (one in 
each direction or equivalent) for a total of six shocks per mission by mechanical 
methods or one shock per mission by ordnance. 
A.  Nozzle Severance 
No shock test required. 
* Design Criteria Only 
. 1 
8 .  - 
.> . 
Input to the TVC System Lower Frame Assembly (Cont.) 




Half Sine Pulse 
20 G's peak Amplitude 
150 msec Duration 
Lateral Axes 
Half Sine Pulse 
30 G 1 s  peak Amplitude 
100 msec Duration 
C . Parachute Deployment 
Longitudinal Axis Lateral Axes 
Half Sine Pulse 
3.6 G ' s  peak Amplitude 
300 msec Duration 
Half Sine Pulse 
3.4 G 1 s  pcsk Amplitude 
300 msec Duration 
/ ' ' I  
i I 
Input to Manifl d 
1 .  Acceptance Test Criteria ( 1  minlaxis, 
Radial Axis 
Composite = 2 3 . 3  grms 
Tangential Axis 
Composite = 1 7 . 7  grms 
Longitudint~r Axis 
Cornposits - l 2 . 3  grms 
*\ 1 
Input to  Manifold (Cont . ) 
: 2 .  Lift-off Random Vibration Criteria (50 sec plus 10 sec/mission/axis) 
x 
Radial P xis Longitudinal Axis 
.. Composite = 19.0 grms Composite = 15.4 6rms 
Tangential Axis 
- 
Composite = 13.3 grms 
Input to Manifold (Cont . ) 
3. Boost Random Vibration Criteria (80 see plus 40 seclmission in each axis) 
Radial Axis Longitudinal Axis 
20 Hz @ 0.13 g:' /Hz 
20 - 30 Hz @ +3 dBiocrt 
30 - 72 Hz @ 0.19 g2111z 
72 - 155 Hz B +12 dR/oct 
155 - 250 HZ @ 4.00 ~ ~ I H z  
250 - 640 Hz @ - 1 3  dB ioct 
640 - '_0,50 H-. @ 0.060 g2/Hz 
10F0 - 1295 Hz @ +15 dB Ioc! 
1295 - 2000 HZ @ 0.17 g 2 ~ ~ ~  
20 Hz @ 0.19 g 2 1 ~ z  
20 - 40 Hz @ +2 dB1oct 
40 - 120 Hz @ 0.30 g21Hz 
120 - 250 Hz @ +2.5 dB loct 
250 - 400 Hz @ 0.58 g21Hz 
400 - 2300 Hz @ -6 dB 10ct 
2000 Hz @ 0.023 g 2 / ~ z  
Composite = 31.0 g Composite = 19.0 grms jWms 
Ta.igentia1 Axis 
Composite = 25.4 gdlnr. 
, . 
r\  
Input to  Manifold (Cont . 1 
% 4. Reentry Random Vibration Criteria ( 60 sec  plus  30 sec  /mission /axis) 
4 
Radial Axis Longitudinal Axis 
- 9  
20 Hz @ 0.059 gB/Hz 20 Hz @ 0.051 gZ/Hz 
20 - 56 Hz @ +9 dB/oct  20 - 50 Hz @ +8 dB /oct 
56 - 89 Hz @ 1.30 g2/Hz 50 - 200 Hz @ 0.50 g21Hz 
89 - 150 Hz @ +11 dB/oct 200 - 250 Hz @ +L3 dB (oct 
150 - 250 Hz @ 10.0 g 2 / ~ z  250 - 350 Hz @ 1.40 g2/Hz 
250 - 500 HZ @ - 17 dB / ~ t  350 - 2000 Hz @ -7 dB/oct 
500 - 2000 Hz @ 0.20 g2/Hz 2000 Hz @ 0.025 g2/Hz 
Composite = 46.5 grms Composite = 24.6 grms 
Tangential Axis 
Composite = 35.3 qrms 
. 
5. Vehicle Dynamics Criteria 
Longitudinal Axis 
3.5 - 5 Hz 6 0.7 G's peal:* 
5 - 10 Hz Ca 0.7 GIc. peak 
10 - 40 Hz Q 1.0 G's peak 
Lateral Axes 
2 - 5 Hz @ 2.0 G ' s  peak* 
5 - 10 Hz @ 0.5 G's peak 
10 - 40 Hz @ 3.7 G ' s  peak 
* Design Criteria Only 
Input to Manifold (Cont . ) 
6. Shock Test Criteria ( 2  shocks/axis) 
Test will be performed by mplying two shocks per mission in each axis (one in 
each direction or equivalent) for a total of six chocks per mission by mechanics! 
methods or one shock per mission by ordnance. 
A.  Nozzle Severance 
No shock test required. 
B. Water Landing 
Longitudinal Axis 
Half Sine Pulse 
20 G's  peak Amplitude 
150 msec Duration 
C . Parachute Deployment 
Lcngitudinal Axis 
Half Sine Pulse 
3.6  G ' s  peak Amplitude 
31;O msec Duration 
Lateral Axes 
Half Sine Pulse 
30 G's  peak Amplitude 
100 msec Duration 
Lateral Axes 
Half Sine Pulse 
3 . 4  G ' s  peak Amplitude 
300 msec Duration 
:: . 
t Input to Reservoir 
'w % '  1. Acceptance Test Criteria (1 minlaxis) 
i 
. ?  
Radial Axis Long. and Tang. Axes 
L 
Composite = 17.9 grms Composite = 19.1 grms 
. 2 .  Lift-off Random Vibratio.: Criteria (50 sec plus 10 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 32.3  grms Composite = 27.1 grms 
3. Boost Random Vibration Criteria (80 sec plus d(J sec/missiol~ in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 3 4 . 5  grms Composite = 36.3  grms 
Input to Reservoir (Cont . ) 
4.  k entry Random Vibretion Criteria (60 sec plus 30 seclmission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 35.8 grms Conrposite = 38.2 grms 
5. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
3.5 - 5 Hz 8 0.7 G t s  k>ak* 
5 - 10 Hz @ 0 . 7  G's peak 
10 - 40 Hz @ 1.0 G t s  peak 
2 - 5 Hz @ 2.0 G's peak* 
5 - 10 Hz @ 0.5 G's peak 
10 - 40 Hz @ 3.7 G I s  peak 
6 Shock Test Criteria (2  shockslaxis) 
Tests will be performed by applying two shocks per mission in each axis (one in 
each direction or equivalent) for a tc td  of six shocks per mission by mechanical 
methods or one shock per mission by ordnance. 
A .  Nozzle Sev>-.rence 
No shock test required. 
* Design Criteria Only 
4 
. . Input to Reservoir (Cont .) 
0 y  
B . Water Landing 
\ :  
Longitudinal Axis 
i 
Half Sine Pulse 
20 G 1 s  peah Amplitude 
150 msec Duration 
C . Parachute Deploy~nent 
Longitudinal Axis 
Half Sine Pulse 
3.6 G's peak Amplitude 
300 msec Duration 
Lateral Axes 
Half Sine Pulse 
30 G ' s  peak Amplitude 
100 msec Duration 
Lateral Axes 
Half Sine Pulse 
3.4 G's peak Amplitude 
300 msec Duration 
P 
Input to Fuel Supply Module (Cont.) 
1. Acceptance Test Criteria ( 1 min /axis> 
Radial Axis Long. and Tang. Axes 
Composite = 20 .5  grms Composite = 2 1 . 3  grms 
2. Lift-off Random 'Jibration Criteria (50 sec plus 10 seclmission in each axis) 
Radial Axis Long. and Tang. Axcs 
Composite Composite = 25 .4  grms 
3.  Boost Random Vil ration Criteria ( 8 0  sec plus 40 seclmission in each axis) 
Radial Axis Long. and T m g .  .Axes 
Composite = 34.6 g 
r m s  
Composite = 3 2 . 8  gyms 
Input to Fuel Supply Module (Cont. ) 
? 4. Reentry Random Vibration Criteria (60 sec plus 30 seclmission in each axis) 
I 
Radial Axis Long. and Tang. Axes 
20 Hz @ 0.040 g21Hz 
20 - 100 Hz @ +9 dBIcot 
100 - 250 Hz @ 5.00 g 2 / ~ z  
250 - 450 HZ @ -12 dB /act 
450 - 1000 Hz @ O.j0 g 2 / ~ z  
1000 - 2000 Hz @ -9 dB Ioct 
2000 Hz @ 0.065 g 2 / ~ z  
Composite = 41.0 g 
r m  s 
- .  
. 5. Vehicle Dyr.mics Criteria 
Composite = 42.7 arms 
20 Hz @ 0.0070 g 2 1 ~ z  
20 - 180 Hz @ +9 dB1oct 
180 - 300 Hz @ 5.00 g 2 / ~ z  
300 - 565 Hz @ -12 dB  Ioct 
565 - 2000 Hz @ 0.40 g2 /Hz  
Longitudi~ial Axis Lateral Axes 
3.5 - 5 Hz @ 0.7 G ' s  peak* 
5 - 10 H-; @ 0.7 G's peak 
10 4P Fiz @ 1.0 G ' s  peak 
2 - 5 Hz @ 2.0 G's peak* 
5 - 10 Hz @ 0.5 G's peak 
10 - 40 Hz @ 3.7 G's  peak 
6. Shock Test Criteria ( 2  shockslaxis) 
. 
Tests will be pe~'~0rmed by applying two shocks per mission in each axis (one in 
each direction or equivalent) for a total of six shocks per mission by mechanical 
methods or  one shock per nission by ordnsnce. 
A .  Nozzle Severance 
No shock test required. 
* Design Criteria Only 
Input to Fuel Supply Module (Cont , ) 
B .  Water Landing 
Longitudinal Axis t 
Half Sine Pulse 
20 G1s peak AmplituGe 
150 msec Duration 
C . Parachute Deployment 
Longitudinal Axis 
Half Sine Pulse 
3.6 5's peak Ampli-ude 
300 msec Duration 
Lateral Axes 
Half Sine Pulse 
30 Gts peak Amplitude 
100 msec Duration 
Lateral Axes 
I1df Sine Pulse 
3.4 G 1 s  peak Amplitude 
30C msec Duration 
Radizl Axis Longitudinal Axis 
Composite = 1 2 . 5  grms Composite = 17.8 grms 
Tangential Axis 
Composite = 17.1 grms 
Input to Fuel Supply Module OF1 Pressure Sensor 
Acceptance Test Criteria ( 1 min laxis) 
.a 
a- ~ A _ _ _ _ _ _ - - w - w - ~ - . ,  
. .. . ,- ,. . , --- .. . . .ll.ini - ,...-.. ,. n' I . . .  ,".* re., *.*,&#1& ~ , & & & ;  -,*--*. 
- . .  -. . . .  . =-. ;. - 1  0 
a5 . Input to Fuel Supply Module OF1 Pressure Sensor (Cant.) 
< 
% '- '  2. Lift-off Random Vibration Criteria (50 sec plus 10 seclmission in each axis) 
i Radial Axis Longitudinal Axis 
:. . % 20 - 45 H Z  @ 0.040 g 2 / ~ z  
45 - 100 Hz @ +18 dB/oct 
100 - 150 H Z  @ 5.00 ~ ~ I H Z  
150 - 720 H z  @ -12 dB1oct 
720 - 1200 H z  C! 0.010 g 2 / ~ z  
1200 - 1500 Ex @ +I5 dB Ioct 
h 1500 - 2000 Hz @ 0.  G30 g 2 / ~ z  
5 
Composite = 24.3 grms 
Tangential Axis 
Composite = 31.0 grms 
Composite = 17.4 grm, 
4 
Input to Fuel Supply Module 091 Pressure Sensor (Con:.) I 
% 3. Boost Random Vibration Criteria (80 sec pius 40 sec/mission in each axis) 
f 
Radial Axis Longitudinal Axis 
Composite = 24.5 grms 
. 
Tangential Axis 
Ccmposite = 33.5 grms 
. 4 
. * i 
Input to Fuel Supply Module OF1 Pressure Sensor (Cont.) 
4. Reentry Random Vibration Criteria (60  sec plus 30 sec/mission in each axis) 
Radial A x i ~  Longitudinal Axis 
Composite = 25.1  arms 
Tangential Axis 
Composite = 34.2 g 
rms 
5. Vehicle Dynamics Criteria 
Longitudinal Axis 
3.5 - 5 H z  @ 0.7  G I s  peak* 
5 - 10 H z  @ 0.7 GIs  peak 
10 - 40 Hz @ 1.0 G ' s  peak 
* Design Crite2rr. *Jnly 
Composite = 35.7 grmS 
Lateral Axes 
2 - 5 Hz @ 2.0 G 1 s  peak* 
5 - 10 i-lz @ 0.5 C1s peak 
10 - 40 fiz @ 3 .7  G's peak 
Input to Fuel Supply M~dule OF1 Pressure Sensor (Cont.) 
- -
6. Shock Test Criteria ( 2  shocks/axis) 
Tests will ,e performed hg applying two shocks per mission i r  each axis (one in 
each direction or equivalent) for a total of six shocks per mission by mechanical 
methods or one shock per mission by ordnance. 
A .  Nozzle Severance 
No shock test required. 
B .  Water ?,anding 
Longitirdinal Axis 
Half Sine Pulse 
20 G I s  peak Amplitude 
150 msec Duration 
C . Parachute Deployment 
Longitudinal Axis 
Half Sine Pulse 
3.6 GIs  peak Amplit1,de 
300 m-ec Durailon 
L,*teral Axes 
Ha!? Siiqe Pulse 
30 G ' s  pcak Amplitude 
100 msec Duration 
Lateral Axes 
Half Slnc! Pulse 
3.:  G ' s  peak Anipiiiude 
300 msec Duration 
Input to Components on the Hydraulic Power Supply Service Panels 
1. Acceptance Test Criteria ( 1 mil. raxis) 
Rad~; Axis Longitudinal Axis 
Tangen!: ,! Axis 
Composite = 26.8 grms 
Composite = 28.3 grms 
. .. 
Input t o  Components on the  Hydraulic Power Supply  Service  Panels (Cont . )  
2. Lift-off Random Vibration Criteria (50 sec p lus  10 sec/mission i n  each  ax i s )  
i Radial Axi s  
i 
20 - 720 Hz @ 0.40 g 2 ~ ~ z  
720 - 1000 Hz @ +12 dB Ioct 
1000 - 1500 Hz @ 1 .5  gB/Hz 
1500 - 2000 Hz @ -12 d S / o c t  
2000 Hz @ 0.475 g2/Hz 
Composite = 11.3  g 
rrns 
Longitudinal A x i s  
Composite = 33.5  grms 
Tangential Axis 
Composite = 30.8  grms 
Input to  Components o n  t h e  Hydraulic Power Supply Service  Penels (Cont .) 
3. Boost Random Vibration Criteria (80 sec p lus  40 seclmission in each ax i s )  
Radial Axi s  Longiiudinal Axi s  
Composite = 54.4  grms Composite = 55.5  grms 
Tangential Axis  
20 - 100 Hz @ 0.16 $ g 2 1 ~ z  
100 - 135 H z  C2 +9 dB1oct 
135 - 290 Hz @ 0.40 g 2 / ~ z  
200 - 220 Hz @ +12 dl3 oct 1 220 - 1075 Hz @ 0.60 g /Hz 
1075 - 1350 Hz @ +12 dB/oct 
1350 - 2000 Hz @ 1.50 g 2 / ~ z  
Composite = 39.5  grms 
Input to Components on the Hydraulic Power Supply Service Panels (Cont.) 
4. Reentry Random Vibration Criteria (60 sec plus 30 seclmission in each axis) 
Radial Axis Longitudinal Axis 
Composite = 59.0 grms 
Tangential xis 
Composite = 53.6 grms 
5. Vehicle Dynamics Criteria 
Longitudinal Axis 
3.5 - 5 Hz @ 0.7 G's peak* 
5 - 10 H z  @ 0.7 G's peak 
10 - 40 H z  @ 1.0 G's peak 
* Design Criteria Only 
Composite = 56.5 grms 
Laterzl Axes 
2 - 5 Hz @ 2.0 G ' s  peak* 
5 - 10 Hz @ 0.5 G's  peak 
10 - 40 H z  @ 3.7 G ' s  peak 
Input to Components on the tiydraulic Power Supply Service Panels (Cont.) 
6. Shock Test Criteria ( 2  shockslaxis) 
Tests will be performed by applying two shocks per mission in each axis (one in 
each direction or equivalent) for a total of six shocks per mission by mechanical 
methods or one shock per mission by ordnance. 
A. Nozzle Severance 
No shock test required. 
B . Water Landing 
Longitudinal Axis 
Half Sine Pulse 
20 G I s  peak Amplitude 
150 msec Duration 
C . Parachute L. :ploymen t 
Half Sine Pulse 
3.6 G's  peak Amplitude 
300 nsec Duration 
Longitudinal Axis 
Lateral Axes 
Half Sine Pulse 
30 G I s  peak Amplitude 
100 msec Duration 
Lateral Axes 
Half Sine Pulse 
3.4 G ' s  peak Amplitude 
300 msec Duration 
Y I 3' 





Input  t o  t h e  SRB Actuator Assembiy (Nozzle Attach) 
S 
+ * '  
1. Acceptance Tes t  Cri ter ia  (: minlaxis) 
..v 20 - 70 Hz @ 0.018 g 2 / ~ ~  
70 - 114 d z  @ +12 dB/oc t  
.\ . * 114 Hz @ 0.13 g 2 1 ~ z  
114 - 250 Hz @ +2.5 dB/oc t  
t 250 - 600 Hz @ 0.25 g 2 / ~ z  
600 - 2000 HZ @ - 10 d B  /oft 
2000 Hz @ 0.0045 g /Hz 
Composite = 13.3 grms 
2. Flight Random Vibration Cri ter ia  (4 min p lus  2 minlmission in each axis)  
20 - 70 Hz @ 0.07 g2/Hz 
L 70 - 114 Hz @ +12 dBIoct  
114 Hz @ 0.50 g 2 / ~ z  
114 - 250 Hz @ +2.5 dB/oct  
250 - 600 Hz @ 1.0 g 2 / ~ z  
600 - 2000 HZ @ -10 dB / O C ~  
2000 Hz @ 0.018 g2/Hz 
., 
Composite = 26.5 grms 
3.  Reentry Random V i c r a t i ~ n  Criteria (60 sec p lus  30 seclmisison in  each axis)  
Radial Axis Long. and  Tang.  Axes 
20 Hz @ 0.0073 g z / ~ z  20 Hz @ 0.019 g 2 / ~ z  
2i) - 70 IIz @ +12 dBloct  20 - 50 Hz @ +6 dB loct 
70 - 200 Hz @ 1.1C g 2 1 ~ z  50 - 1400 HZ @ 0.12 g2/Hz 
200 - 650 Hz @ -1.5 dBloct  1400 - 2000 Hz @ -9  d B  Ioct 
650 - 1400 Hz @ 0.0030 g 2 / ~ z  2000 Hz @ 0.041 g 2 / ~ z  
- 
1400 - 2000 Hz rS. -6 d B  /oct 
2000 HL @ 0.0015 g 2 1 ~ z  
Composite = 14.7 grms 
4. Vehicle Dynamics Criteria 
2 
Longitudinal Axis 
Composite = 14.4 grms 
Lateral Axes 
I 
9 1  
- 4 3.5 - 5 Hz @ 0.7 G1s peak* 2 - 5 Hz @ 2.0 GIs peak* 
*. 
. - .$ 5 - 10 Hz @ 0.7 G1s peak  5 - 10 Hz @ 0.5 G1s peak 10 - 20 Hz @ 1.0 G7s peak 10 - 40 @ 3.7 G's peak  
20 - 30 Hz @ 5.6 GIs peak  
39 - 40 Hz @ 3.7 G1s peak  
40 - 50 Hz @ 2.4 GIs peak  
* Design Criteria Only 
w r r ^ r V ) I * . . W U W _ W U W _ -  r r rx . . l i * r .  - 
, q@w."... , > , . Y/ 
, d  . . - ,V $ . 
Input to the SRB Actuator Assembly (Nozzle Attach) (C0nt.1 
5 Shock Test Criteria 
i I 
5 Tests will be performed by applying two shocks per mission in each axis (one in 
2." 
b each direction or equivalent) for a total of six shocks per mission by mechanical 
-\ -f' methods or one shock per mission by ordnance. 
d i7 5. A.  Nozzle Severance 
50 HZ @ 938 G1s peak 
50 - 100 Hz @ +12 d310ct 
+ .  100 Hz @ 3,750 G1s peak 
h 100 - 4,000 Hz Q +6 dB Ioct 
4,000 - 10,000 Eiz @ 150,000 C1s peak 
B. Water Landing 
'. 
Longitudinm Axis 
Half Sine Pulse 
20 G1s peak Amplitude 
150 msec Duration 
C . Parachute Deployment 
Longitudinal Axis 
Half Sine Pulse 
3.6 G t s  peak Amplitude 
300 msec Duration 
Lateral Axes 
Half Sine Pulse 
30 G t s  peak Amplituae 
100 msec Duration 
Lateral Axes 
Half Sine Pulse 
3.4 G1s peak Amplitude 
300 msec Duration 
Input  t o  t h e  SRB Actuator Assembly (Aft Ski r t  Attacn) 
1. Acceptance Tes t  Criteria ( 1  min /&xis) 
Radial Axis Long. and  Tang.  Axes 
20 - 36 HZ @ 0.50 galHz 
36 - 62 Hz @ -13 dB loct 
62 - 225 HZ @ 0.045 g21Hz 
225 - 385 Hz @ -9  d B  loct 
385 - 800 Hz @ 0.009 g21Hz 
800 - 2000 Hz @ -6 dBloc t  
2000 Hz B 0.0015 g 2 1 ~ z  
20 - 36 Hz @ 0.14 g 2 1 ~ z  
36 - 57 Hz @ -10 d B  oct d 57 - 800 Hz @ 0.03 g /Hz 
800 -- 2000 Hz @ -6 dB/oct  
2000 Hz @ 0.005 g2/Hz 
Composite = 5.6 grms Composite = 6.4 grms 
2. Lift-off Random Vibration Criteria (50 sec p lus  10 seclmission in  each axis)  
Radial Axis Long. a n d  Tang.  Axes 
Composite = 5.0 g,, Composite = 6.3 grms 
3. Boost Random Vibration Criteria (80 sec p lus  40 seclmission in each ax is )  
Radial Axis Long. and  Tang.  Axes 
20 - 200 Hz @ 0.068 g2/Hz 
200 - 360 Hz @ -12 dB/oct  
360 - 1000 H Z  @ 0.0068 g2/Hz 
1000 - 2000 Hz @ - 3 dB loct 
2000 Hz @ 0.0034 g 2 / ~ z  
Composite = 5.0 grms Composite = 5.8 grms 
Input  t o  t h e  SRB Actuator Assembly (Aft Ski r t  Attach) (Cont.)  
4. Reentry Random Vibration Criteria (60 ad: p l u s  30 sec Irnissio:~ in  each axis)  
Radial Axis Long. a n d  Tang.  Axes 
20 - 36 HZ @ 2.0 galHz 
36 - 62 Hz @ -13 dBIoct 
62 - 225 Hz @ 0.18 g 2 / ~ z  
225 - 385 Hz @ -9 dB loct 
385 - 800 Hz @ 0.036 $ /HZ 
800 - 2000 Hz @ -6 dB Ioct 
2003 Hz @ 0.0028 g z ~ ~ z  
Composite = 11.2 grms 
5. Vehicle Dynamics Criteria 
Longitudinal Axis 
3.5 - 5 Hz @ 0.7 G's peak* 
5 - 10 Hz @ 0.7 G1s peak  
13 - 40 Hz @ 1.0 G1s peak  
* Design Criteria Only 
20 - 36 HZ @ 0.54 g 2 / ~ ~  
36 - 51 Hz @ -10 d B  Ioct 
57 - 800 Hz @ 0.12 g 2 / ~ z  
800 -. 2000 Hz @ -6 dB Ioct 
Lateral Axes 
2 - 5 Hz @ 2.0 G1s peak* 
5 - 10 Hz d 0.5 G1s peak 
10 - 40 Hz @ 3.7 G1s peak 
. :  
? Input to the SRB Actuator Assembly (Aft Skirt Attach) (Cont.) 
. * '  
a 6. Shock Test Criteria 
' :  Tests will be performed by applying two shocks per mission jn each axis (one in 
I each direction or  equivalent) for a total of six shocks per mission by mechanical 
. . methods or one shock per mission by ordnance. 
A. Ordnance 
See Input to the SRB Actuator Assembly (Nozzle Attach) 
B .  Water Landing 
Longitudinal Axis 
Half Sine Pulse 
20 G1s  peak Amplitude 
150 msec Duration 
C . Parachute Deplojrment 
Longitudinal Axis 
Half Sine Pulse 
3.6  G ' s  peak Amplitude 
300 msec Duration 
Lateral Axes 
Half Sine Pulse 
30 GIs peak Amplitude 
100 msec Duration 
Lateral Axes 
Half Sine Pulsc 
3 .4  G's peak Amplitude 
300 msec Duration 
Input t o  Frustum Location Aid (FLA) 
1. A c c q  tance Tes t  Criteria (1 min /axis) 
Radial Axis Long. a n d  Tang.  Axes 
Composite = 5.0 grms Composite = 5.0 grms 
Qualification Acceptance Tes t  Criteria (5 min /axis) 
Radial Axis Long. and  Tang.  Axes 
20 - 40 Hz @ 0.043 g 2 / ~ z  
40 - 50 Hz @ -6 dB/oct  
50 - 600 Hz @ 0.028 g 2 ~ ~ z  
600 - 2000 Hz @ - 9 dB Ioct 
2000 Hz 8 3  0.00078 g2111z 
20 - 800 Hz @ 0.023 g 2 / ~ z  
800 - 2000 Hz @ -9 d B  Ioct 
2000 Hz @ 0.0015 g ' z l ~ z  
Composite = 5.0 grms Composite = 5.0 grms 
2. Lift-off Random Vibration Criteria (50 sec  p lus  10 seclmission in  each axis) 
Radial Axis Long. and  Tang .  Axes 
20 Hz @ 0.017 g 2 / ~ z  
20 - 28 Hz 4 +3 dB1oct 
28 - 800 Hz @ 0.023 g 2 1 ~ z  
800 - 2000 Hz @ -12 dB loct 
2000 Hz @ 0.00069 g 2 / ~ z  
20 H Z  @ 0.011 g 2 / ~ =  
20 - 40 Hz @ +3 dB Ioct 
40 - 900 Hz @ 0.022 g 2 l ~ Z  
900 - 2000 HZ @ -12 dB/oct  
2200 Hz @ 0.00090 g2/Hz 
Composite = 5.0 grms Composite = 5.0 grns 
input to the Frustum Location Aid (Cont .) 
3. B W S ~  Handom Vibration Criteria (80 sec plus 40 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 5 . 0  gyms 
4. Reentry Random Vibration Criteria (60 sec plus 30 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 8.6 g Composite = 6.1 grms 
r m s  
5 .  Vehicle Dynamics Criteria 
Longitudinal Axis 
3 . 5  - 5  Hz @ 0.7 G ' s  peak* 
5  - 10 Hz @ 0 . 7  G ' s  peak 
10 - 40 H z  @ 1.0 G ' s  peak 
Lateral Axes 
2 - 5  Hz @ 4 . 3  G ' s  peak* 
5  - ;O Hz @ 0 . 5  G ' s  peak 
10 - 40 Hz @ 4.3 G I s  peak 
* Design Criteria Only 
Input to the Frustum r,ocatian Aid (Cont .) 
6 .  Shock Test Criteria 
Tests will be performed by applyir:. two shocks per mission in each axis (one in 
each direction or equivalent) for a t,>t of six shocks per mission by mechanical 
methods or one shock per mission by ordnance. 
A .  Forward Skin  /Frustum Separation 
50 Hz @ 94 G ' s  peak 
50 - 100 Hz @ +12 dB/oct 
100 H z  @ 175 G's  peak 
100 - 4,000 Hz @ +6 dB /oct 
4,000 - 10,000 Hz @ 15,000 G 1 s  peak 
B. Water Landing 
Longitudinal Axis Lateral Axes 
Half Sine Pulse 
40 G1s  peak Amplitude 
50 msec Duration 
Half Sine Pulse 
15 G 1 s  peak Amplitude 
100 msec Duration 
C . Parachute Deployment 
Longit adinal Axis Lateral Axes 
Half Sine Pulse 
1.0 G's  peak Amplitude 
300 msec Duration 
Half Sine Pulse 
. . 7 G's  peak Amplitude 
3013 msec Duration 
Input to trle FLA Flashing Light 
1. Acceptance Test Criteria (1 min /axis) 
Radial Axis 
Composite = 3 . 5  grms 
Longitudinal Axis 
Composite = 3.1 grms 
Tange~tial Axis 
Composite = 3.1 g 
rms 
'+ 
!A?- n ut t o  the  FLA Flashing Light (Cont.)  
2. Lift-off Random Vibrat im (50 see p l u s  10 sec/mission in each  axis) 
a Radial Axis  Longitudinal Axis 
Composite = 5 . 0  grms 
Tangential Axis 
20 8 2  @ 0.011 g 2 / ~ z  
20 - 40 Hz @ +3 dB!oct 
40 - 900 Hz @ 0.022 g 2 / ~ z  
900 - 2000 Hz @ -12 dB ioct  
2000 Hz @ 0.00090 g 2 / ~ z  
Composite = 5 . 0  grms 
Composite = 5 .0  grms 
*>\ Input to FLA Flashing Light (Cont.) 
+ :  3. Boost Random Vibration (80 sec plus 40 seclmission in each axis) 
Radial Axis Longitudinal Axis 
Composite = 5.3 grmS 
. Tangential Axis 
20 Hz @ 0.0028 g21Hz 
20 - 90 Hz @ +4 dB Ioct 
90 - 1100 Hz @ 0.020 g21Hz 
1100 - 2000 Hz @ -12 dB1oct 
2000 Hz @ 0.0023 g 2 / ~ z  
Composite = 5.3 grms 
20 Hz @ 0.0028 g 2 i ~ z  
20 - 40 Hz @ +3 dBIoct 
40 - 120 Hz @ 0.0051 g2/Hz 
120 - 180 Hz @ +9 dB1oct 
180 - 1100 Hz @ 0.0023  HZ 
1100 - 2000 Hz @ - 12 dB Ioct 
2000 Hz @ 0.023 gZ/Hz 
Composite = 5.0 gms 
a: 
Input to the FLA Flashing Light (Cont .) 
4. Reentry Random Vibration Criteria (60 sec plus 30 sec/mission in each axis) 
i 
Radial Axis Longitudinal Axis 
Composite = 6 . 4  grms 
Tangential Axis 
Composite = 6.1 grms 
Composite = 6 . 2  grms 
j 
Input to the FLA Flashing Light (Cont.)  
i 5 .  Vehicle Dyna .nics Criteria 
x ;  Radial Axis 
2 - 5 Hz C! 4 . 3  g's peak* 
5 - 10 Hz 8 0.5 g's peak 
\ 10 - 30 fiz E 4 . 3  g ' s  peak 
30 - 40 HI: C 12 g's peak 
Tangen ~ ia l  xis 
. c 
2 - 5 t:z 14 4 .3  g's peak* 
5 - '10 H z  13 C . 5  g ' s  peak 
10 - 35 H:. ( 1  4 . 3  g's peak 
55 - 10 t i& Q! 8.0 g's  peak 
. 
* Desigl, Criter 1 0 i y  
Longitudinal Axis 
3.5 - 5 Hz Ca 0.7 g's peak* 
5 - 10 Hz @ 0.7 g's peak 
10 - 40 Hz B 1.0 g's  pea^ 
6. Shock Test Criteria 
Input to  the FLA Flashing Light (Cont.) 
A. Forward Skirt/Frustl~nr Separation (Shock Test once in each directionlaxis/ 
mission) 
50 Hz @ 94 g's peak 
50 - 100 H Z  @ 12 dB10~t  
100 H Z  @ 357 g t s  peak 
100 - 1OOr Hz @ +2.5 dB10ct 
1000 - 10000 Hz @ 1875 gls peak 
B. Water Landing 
Longitudinal A X ~ S  
Half sine pulse 
40 g's peak amplitude 
50 milliseconds duration 
C . Parachute Deployment 
Longitudinal Axis 
Half sine pulse 
1.0 g's peak amplitude 
300 milliseconds duration 
Lateral Axis 
Half sine pulse 
15 gls peak amplitude 
100 milliseconds duration 
Lateral Axis 
Half sine pulse 
5.7 g's peak amplitude 
300 milliseconds duration 
Input  to  t he  Forward Skir t  Beacon Transmitter 
1. Acceptance Test  Criteria ( 1 minlaxis) 
Radial Axis Long. and  Tal:g. Axes 
20 Hz @ 0.0040 g21Hz 
20 - 100 Hz @ +3 dB Ioct 
loo - 1000 H Z  @ 0.020 g 2 / ~ ~  
1000 - 2000 HZ @ -6 dB / O C ~  
2000 Hz @ 0.0050 g 2 / ~ z  
Composite = 6.8 grms Composite = 5.4 grms 
2. Lift-off Random Vibration Criteria (50 sec  plus  10 sec/mission in  each axis)  
Radial Axis Long. and  Tang.  Axes 
20 H Z  @ 0.012 g 2 ~ ~ ~  
20 - 100 Hz @ +3 dB/oct 
100 - 150 Hz @ 0.060 g2,'Hz 
150 - 180 Hz @ -6 dB1oct 
180 - 1000 Hz @ 0.040 g 2 / ~ z  
1000 - 2000 Hz @ -6 dB Ioct 
2000 H Z  @ 0.010 ~ ~ I H Z  
Composite = 9.2 g Composite = 7.8 grms 
r m  s 
3. Boost Random Vibration Criteria (80 sec p lus  40 seclmission in each axis)  
Radial Axis Long. and Tang.  Axes 
Composite = 13.7 grms Composite = 10.8 grms 
. 1 Input to the Forward Skiri Beacon Transmitter (Cont .) 0 ;  
4. Keentry Random Vibration Criteria (60 sec plus 30 sec/mission in each axis) 
C Radial Axis Long. and Tang. Axes 
5. Vehicle 9ynt:ics Criteria 
. 
Longituaiilal Axis 
3.5 - 5 Hz @ 1.0 G ' s  peak* 
5 - 40 Hz @ l . O G 1 s  peak 
* Design Criteria Only 
- 
Composite = 9.6 grms 
Lateral Axes 
2 - 5 H z  @ 1.7 G's  peak* 
5 - 10 Hz @ 0.6 G's  peak 
10 - 40 H z  @ 1.7 G ' s  peak 
:*i k 
f Input to the Forward Skirt Beacon Transmitter (Cont . ) 
* 
i 6. Shock Test Criteria 
Tests will be performed by applying two shocks per mission in each axis (one in 
\ I 
.- . > ~  each direction or  equivalent) for a total of six shocks per mission by mechanical 
, - methods or one shock per mission by ordnance. 
A.  Forward Skirt /Frustum Separation 
50 Hz @ 12 GIs  peek 
50 - 100 Hz @ +12 dB /m?t 
100 Hz @ 47 G I s  peek 
100 - 4,000 H z  @ +6 dB /oct 
1,000 - 10,000 Hz @ 1,875 GIs  peak 
,. i 
. B. Water Landing 
Longitudinal Axis Lateral Axes 
Half Sine Pulse 
20 G's  peak Amplitude 
150 msec Duration 
C . Parachute Deployment 
Longitudinal Axis 
Half Sine Pulse 
3.6  G's peak Amplitude 
300 msec Duration 
Half Sine Pulse 
22 G ' s  peak Amplitude 
100 msec Duration 
Lateral Axes 
Half Sine Pulse 
4.6  G I s  peak Amplitude 
300 msec Duration 
r ;  i 
$ Input  - t o  t h e  Rate  G y m  
. * 
4 
I' 1. Acceptance Tes t  Cr i te r ia  (1 min laxis) 
i Radial Axis Long. and  Tang.  Axes 
L 
Composite = 6.8 grms Composite = 5.4 grms 
2. Lift-off Random Vibration Criteria (50 sec plus 10 sec/rnission in  each axis) 
Radiai Axis Long. and Tang.  Axes 
20 Hz @ 0.0072 galHz 
20 - 150 Hz @ +3 dB1oct 
150 - 310 Hz @ 0.054 g2/Hz 
310 - 400 Hz @ +6 dB/oc t  
400 - 800 Hz @ 0.090 galHz 
800 - 2000 Hz @ -9 d B  Ioct 
2000 Hz @ 0.0058 g21Hz 
20 H Z  @ 0.012 
20 - 100 Hz @ +3 dBIoct  
100 - 150 HZ @ 0.060 g2/Hz 
150 - 180 Hz @ -6 dBIoct  
180 - 1000 Hz @ 0.040 g2IHz 
1000 - 2000 Hz @ -6 dB Ioct 
2000 H Z  @ 0.010 ~ ~ I H Z  
k Composite = 9.2 grms Composite = 7.8 grms 
3. Boost Random Vibration Cri ter ia  (80 sec p l u s  40 seclmission i n  each axis)  
Radial Axis Long. a n d  Tang.  Axes 
20 HZ @ 0.010 g 2 / ~ ~  
20 - 400 Hz @ +3 dB 10ct 
400 - 800 Hz @ 0.20 g21Hz 
800 - 2000 Hz @ -9 dB Ioct 
2000 Hz @ 0.013 g21Hz 
Composite = 13.7 grms Composite = 10.8 grms 
I n p u t  to t h e  Ra te  G y r o  (Cont . )  
4. R e e n t r y  Random Vibration Cri ter ia  (60 s e c  p l u s  30 seclmission in  each a x i s )  
Radial Axis Long. a n d  T a n g .  Axes  
20 Hz @ 0.050 g 2 1 ~ z  
20 - 100 Hz @ +3 dB1oct 
100 - 200 HZ @ 0.25 ~ ~ I H Z  
200 - 258 Hz '? -6 dBIoct  
258 - 600 HZ @ 0.15 ~ ~ I H z  
600 - 2000 Hz @ - 9 d B  Ioct 
2000 Hz @ 0.0041 g 2 1 ~ z  
20 Hz @ 0.060 g 2 l ~ z  
20 - 100 Hz @ +3 dB/oc t  
130 - 150 HZ @ 0.30 g 2 1 ~ ~  
150 - 235 Hz @ -12 d B  Ioct 
235 - 800 ;-12 @ 0.050 g 2 / ~ ~  
800 - 2000 Hz @ -6 d B  loct 
2000 Hz @ 0.0080 g . 2 1 ~ ~  
Composite = 11.9 grms Composite = 9.6 grms 
5. Vehicle Dynamics Cr i t e r i a  
Longitudinal Axis 
3.5 - 5 Hz @ 1.0 G's peak* 
5 - 40 Hz @ 1.0 G's peak  
Latera l  Axes  
2 - 5 Hz @ 1.7 G's p e a k *  
5 - 10 Hz @ 0.6 G's p e a k  
10 - 40 Hz @ 1.7 G's p e a k  
* Design Cri ter ia  Only 
Input to the Rate Gyro (Cont.) 
6. Shock Test Criteria 
Tcsts will  be performed by applying two shocks pcr- n ' qsion in each axis (one in 
each direction or equivalent) for a total uf six shocks 2er mission by mecnanici71 
methods or  one shock per mission by oydnance. 
A.  Ordnance 
No shock test required. 
B .  Water Landing 
Longitudinal Axis 
Half Sine Pulse 
20 G's peak Amplitude 
150 msec Duration 
C . Parachute Deployment 
Longitudinal Axis 
Half Sine Pulse 
3.6 G 1 s  peak Amplit~lde 
300 rnsec Duration 
Lateral Axes 
Half Sine Pulse 
22 G ' s  peak Amplitude 
100 msec Duration 
Lateral Axes 
Half Sine Pulse 
4.6 G1s peak Amplitude 
300 msec Duration 
f .' 
. y , '  
.,,. * . 1 . , 
!j&%*f **>" 2 . . * i ' ,  4' / 
i 
; ". Input  - to  the  Separation Motor DFI Pressure  Sensor 
; r  1. Acceptance Test  Criteria (1 miniaxis) I i  
% 
20 - 200 H z  @ 0.13 g21Hz 
200 - 300 Hz @ +6 dB1oct 
,. 
300 - 1000 H z  @ 0.30 g2/Hz 
Y 1000 - 2000 H Z  @ -4 dB/oct 
1 2000 H Z  @ 0.12 
Composite = 21.0 grms 
2. Lift-off Random Vibration Criteria (50 sec  plus 10 sec/mission in each axis) 
. 
Composite = 21.2 grms 
3. Boost Random Vibration Criteria (80 sec plus 40 sec/mission in each axis)  
20 - 200 Hz @ 0.54 $ 2 1 ~ ~  
200 - 300 Hz @ +6 dB Ioct 
300 - 1000 H z  @ 1.20 g 2 1 ~ z  
1000 - 2000 Hz @ -4 dB Ioct 
2000 Hz @ 0.48 g 2 / ~ z  
Composite = 42.0 grms 
4. Reentry Random Vibration Criteria (60 sec plus  30 sec/misison in each axis)  
In= to the Separation Motor DFI Pressure Sensor (Cont .) 
- -
5. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
3.5 - 5 Hz @ 0.7 G I s  peak* 
5 - 10 Hz @ 0.7 G I s  peak 
10 - 40 Hz 8 1.0 G I s  peak 
2 - 5 Hz @ 4.3 GIs  peak* 
5 - 10 Hz @ 0.5 G's peak 
10 - 40 Hz @ 4.3 G t s  peak 
6. Shock Test Criteria 
Tests will be performed by applying two shocks per mission in each axis (one in 
~ a c h  direction or  equivalent) for a total of six shocks per mission by mechanical 
methods or one shock per mission by ordnance. 
50 Hz @ 24 GIs peak 
50 - 100 Yz @ +12 dB/oct 
100 Hz @ 94 G ' s  peak 
100 - i,000 Hz @ +6 dB ioct 
4,000 - 10,000 Hz @ 3,750 G I s  peak 
B. Water Landing 
Longitudi~al Axis 
Half Sine Pulse 
40 G I s  peak Amplitude 
50 asec Duration 
C . Parachute Deploy mant 
Longitudinal Axis 
Half Sine Pulse 
3.6 G ' s  peak Ampli?ude 
300 r,;ec Duration 
* Design Criteria Only 
Lateral Axes 
Half Sine Pulse 
30 G's  peak Amplitude 
100 msec Duration 
Lateral Axes 
Half Sine Pulse 
5.7 G I s  peak Amplitude 
300 msec Duration 
Input  to  Separation Instrumentation Package 
I .  Acceptancc Test  Criteria ( 1  minlaxls) 
Radial Axis Long. and  r a n g .  Axes 
20 Hz @ 0.0025 g 2 / ~ z  
20 - 400 Hz @ +3 dB Ioct 
400 - 1000 HZ 4 0.050 ~ ~ I H Z  
1000 - 2000 Hz @ -6 dB1oct 
2000 H Z  @ 0.012 g 2 ~ ~ ~  
Composite = 8.0 grms Composite = 6.7 grms 
2. Lift-off Random Vibration Criteria (50 sec  plus 10 seclmission in  each axis)  
Radial Axis Long. and  Tang.  Axes 
20 Hz Q 0.0072 g2/Hz 
20 - 150 H z  @ +3 dB Ioct 
150 - 310 Hz @ 0.054 g2/!-Iz 
310 - 400 Hz @ t 6  dBloct 
430 - 800 Hz @ 0.090 g21Hz 
800 - 2000 Hz @ -6 dB l ~ t  
2000 Hz @ 0.014 g 2 / ~ z  
Composite = 9.9 grm:; Composite = 10.1 grmS 
3. Boost Random Vibration Criteria (80 sec p lus  40 seclmission in each axis)  
Radial Axis Long. and  Tang.  Axes 
Composite = 16.1 g 
r m s  
20 Hz @ 0.016 g21Hz 
20 - 70 Hz @ +6 dB1oct 
70 - 150 H Z  @ 0.20 g 2 / ~ ~  
150 - 220 Hz @ -6 dBIoct 
220 - 1500 H Z  @ 0.090 g z / H ~  
1500 - 2000 Hz @ -6 dB Ioct 
2000 H z  @ 0.050 g 2 1 ~ z  
Composite = 13.4 grms 
Input to Separation Instrucentation Package (Cont . ) 
4. Reentry Random Vibration Criteria (60 sec plus 30 sec/mission in ,ach axis) 
Radial Axis Long. and Tang. Axes 
Composite = 12.6 grms Composite = 12.7 grms 
5. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
3.5 - 5 Hz @ 1.0 G's peak* 
5 - 40 Hz @ 1.0 G's  peak 
2 - 5 Hz @ 1.7 G's peak* 
5 - 10 Hz @ 0.6 G's peak 
10 - 40 Hz @ 1.7 C's peak 
* Design Criteria Only 
Input to Separation Instrumentation Package (Cont . 
6. Shock Test Criteria 
Tests will be performed by applying two shocks per mission in each axis (one in 
each direction or equivalent) for a total of six shocks per mission by mechanical 
methods or one shock per mission by ordnance. 
A. Ordnance 
No shock test required. 
B. Water Landing 
Longitudinal Axis 
Half Sine Pdse 
20 G1s peak Amplitude 
150 msec Duration 
C . Paracllute Deployment 
Longitudinal A x i s  
Half Sine Pulse 
3.6 G's peak Amplitude 
300 msec Duraiton 
Lateral Axes 
Half  Sine Pulse 
22 GIs peak Amplitude 
100 msec Duration 
Lateral Axes 
Half Sine Pdse 
4.6 G's peak Amplitude 
300 msec Duration 
Input t o  t h e  Barometric Altitude Switch 
1. Acceptance Test  Criteria ( 1  minlaxis) 
Radial Axis Long. and Tang. Axes 
20 - 60 HZ @ 0.012 ~ ~ I H Z  20 Hz @ 0.00070 g2 /H z 
60 - 163 Hz @ +3 dB/oct 20 - 40 Hz @ +3 dB1oct 
163 - 340 Hz @ 0.032 g 2 / ~ z  40 - 120 HZ @ 0.0014 ~ ~ I H Z  
340 - 2000 HZ @ -6 d B 1 0 ~ t  ;SO - 200 HZ @ +9 dB / O C ~  
2000 Hz @ 0.00095 g Z / ~ z  200 - 1400 Hz @ 0.0075 g 2 / ~ z  
1400 - 2000 Hz @ -12 dB Ioct 
2000 Hz @ 0.0018 g 2 1 ~ z  
Composite = 4.2 grms Composite = 3.4 grms 
2. Lift-off Random Vibration Criteria (50 sec plus 10 seclmission in each axis) 
Radial Axis Long. and Tang. Axes 
20 Hz @ 0.017 g 2 / ~ z  20 HZ @ 0.011 g 2 / ~ z  
20 - 50 Hz @ +3 dB/oct 20 - 40 Hz @ +3 dB ioct 
50 - 700 HZ 8 0.040 g 2 1 ~ z  40 - 1400 Hz @ 0.022 g 2 1 ~ z  
700 - 2000 Hz @ -12 dB /act 1400 - 2000 Hz @ - 12 dB Ioct 
2000 Hz @ 0.00069 g 2 1 ~ z  2000 Hz @ 0.0053 g 2 1 ~ z  
Composite = 6.0 grms Composite = 6.0 grms 
3. Boost Random Vibration Criteria (80 sec plus 40 seclmission in each axis) 
Radial Axis Long. and Tarig. Axes 
Composite = 6.3 grms Composite = 6.9 grmS 
5 Input - to the Bammetric Altitude Switch (Cont .) 
r i  
-I 
. . 
4. Reentry Rendom Vibration Criteria (60 sec plus 30 s~clmission in each axis) 
1 
* ;  
Radial Axis Long. and Tang. Axes 
. A  
Composite = 8.4 gpms 
5. Vehicle Dynamics Criteris 
. . 
Longitudinal Axis 
3.5 - 5 Hz icl 0.7  G's  peak* 
5 - 10 r iz Q 0.7 Gts peak 
10 - 40 Hz @ 1.0 G's peak 
Composite = 5 . 2  grms 
Lateral Axes 
2 - 5 Hz @ 4.3 G's  pea^* 
5 - 10 Hz @ 0.5 G's peak 
10 - 40 Hz @ 4.3 G's  peak 
* Design Criteria Only 
Input to the Barometric Altitude Switch (Cont) 
5. Shock Test Criteria 
Tests will be performed by applying two shocks per mission in each axis (one in 
each direction or equivalent) for a total of six shocks per mission by mechanical 
methods or one shock per mission by ordnance. 
A.  Forward Skirt /Frustum Separation 
50 iIz @ 1 2  G ' s  peak 
50 - 100 H Z  @ +12 dB/oct 
100 H z  @ 47 G 1 s  peak 
100 - 4,000 H Z  @ +6 ~ B / O C ~  
4,000 - 10,000 Hz @ 1,875 G ' s  peak 
B. Water Landing 
Longitudinal Axis 
Half Sine Pulse 
40 G ' s  peak Amplitude 
50 msec Duration 
C . Parachute Deplayment 
Half Sine Pulse 
1.0 G ' s  peak Amplitude 
300 msec Duration 
Longitudinai Axis 
Lateral Axes 
Half Sine Pulse 
15 G's  peak Amplitude 
100 msec Duration 
Lateral Axes 
Half Sine Pulse 
5.7 G1s peak Amplitude 
300 msec Duration 
Input  to  t h e  SRB Connectors* 
" 1. Acceptance Test  Criteria ( 1 min laxis)  
a !  20 Hz @ 0.75 g 2 / ~ z  
"- . 20 - 40 Hz (2 +3 dBIoct 
40 - 60 Hz @ 1.50 g21Hz 
60 - 73 Hz @ -6 dB1oct 
73 - 97 H Z  @ 1.00 $/HZ 
97 - 120 Hz @ +12 dB/oct  
120 - 200 Hz @ 2.28 g2/Hz 
200 - 235 Hz @ -15 dBIoct 
235 - 660 HZ @ 1.00 ~ ~ I H Z  
660 - 1050 Hz @ -9 dB Ioct 
1050 - 1400 Hz @ 0.25 g21Hz 
1400 - 2000 Hz @ - 9 dB Ioct 
. 2000 Hz @ 0.082 g S / ~ z  
Composite = 34.1 grms 
2. Flight Random Vibration Criteria ( 4  min p lus  2 minlrtiission in  each axis) 
20 Hz @ 0.22 g21Hz 
20 - 40 H z  @ + 3  dBIoct 
40 - 60 H z  @ 0.44 g2lHz 
60 - 109 Hz @ +3 dB Ioct 
109 - 165 HZ @ 0.80 g2lHz 
165 - 178 Hz @ +9 dBIcct 
178 - 240 Hz @ 1.00 g 2 / ~ z  
240 - 253 H z  @ +15 dB/oct 
253 - 650 Hz @ 1.30 gB!Hz 
650 - 750 H z  @ +3 dB Ioct 
750 - 1200 H Z  @ 1.50 g21Hz 
1200 - 2000 H z  @ -6 dBIoct 
2000 Hz @ 0.54 g 2 ~ ~ z  
Composite = 47.2 grms 
* These random vibration criteria represent  an  envelope of the  applicable zonal 
-, criteria.  These criteria a r e  inputs  to  components having at tached connectors;  
therefore,  the test  se tups  should include component dynamic simulations. 
Input to the SRB Connectors (Cont .) 
3. Reentry Random Vibration Criteria (60 sec plus 30 sec/mission in each axis) 
20 Hz @ 3.00 g2/Hz 
20 - 40 Hz @ +3 dBIoct 
40 - 60 Hz @ 6.00 g 2 / ~ z  
60 - 73 Hz @ -6 dB/oct 
73 - 97 HZ @ 4.00 ~ ~ I H Z  
97 - 120 Hz @ +12 dB/oct 
120 - 200 H Z  @ 9.12 g 2 / ~ ~  
200 - 235 Hz @ -15 dB/oct 
235 - 660 H Z  @ 4.00 ~ B / H z  
660 - 1050 H z  @ -9 dB/oct 
1050 - 1400 H z  @ 1.00 g 2 / ~ z  
1400 - 2000 Hz @ -9 dB Ioct 
2000 HZ @ 0.33 g 2 / ~ ~  
Composite = 68.3 grms 
4. Vehicle Dynamics Criteria 
Longitudinal Axis 
3.5 - 5 H z  @ 1.0 G's peak* 
5 - 40 Hz @ 1.0 G1s peak 
Lateral Axes 
2 - 5 Hz @ 4.3 G1s peak* 
5 - 10 Hz @ 3.6 G's peak 
10 - 40 IIz @ 4 .3  G's peak 
* Design Criteria Only 
q. 5. Shock Test Criteria 
Tests will be performed by applying two shocks per mission in each axis (one in 
each direction or equivalent) for a total of six shocks per mission by mechanical 
methods or one shock per mission by ordnance. 
: 8 
- 5 ,  A. Forward SkirtlFruslum Separation 
50 H z  @ 188 G 1 s  peak 
50 - 100 Hz @ +12 dB loct 
100 Hz @ 750 G f s  peak 
100 - 4,000 H z  @ +6 dB1oct 
4,000 - 10,000 Hz @ 30,000 G 1 s  peak 
B. Water Landing 
Longitudinal Axis 
half Sine Pulse 
40 G1s peak Amplitude 
50 msec Duration 
C . Parachute Deployment 
Longitudinal Axis 
Half Sine Pulse 
3.6 G 1 s  peak Amplitude 
500 msec Duration 
Lateral Axes 
Half Sine Pulse 
30 G ' s  peak Amplitude 
100 msec Duration 
Lateral Axes 
Half Sine Pulse 
5.7 G1s peak Amplitude 
200 msec Duration 
Input to the SRM Safe and Arm Device 
1. Acceptance Test Criteria < 1  minlaxis) 
Composite = 3.4 grms 
2.  Flight Random Vibration Criteria ( 4  min plus 2 minlmission in each axis) 
Composite = 6.9 grms 
3. Reentry Random Vibration Criteria 
Not Applicable 
4. Vehicle Dynamics Criteria 
Longitudinal Axis 
3.5 - 5 Hz @ 1.0 G I s  peak* 
5 - 40Hz @ l .OGrspeak 
Lateral A.xes 
2 - 5 Kz @ 1.7 G ' s  peak* 
5 - 10 H z  @ 0.6 G ' s  peak 
30 -- 40 Hz @ 1.7 G ' s  peak 
* Design Criteria Only 
i '  
!I 1 Input to the SRM Safe and Arm Device (Cont.) 
5. Shock Test Criteria 
Tests will be performed by applying two shocks per mission in each axis (one in 
each direction or equivalent) for a total of six shocks per mission by mechanical 
'. methods or one shock per mission by ordnance. 
I A .  Ordnance Shock 
I 
No shock test required. 
B .  Water Landing 
Longitudinal Axis 
Half Sine Pulse 
20  G 1 s  peak Amplitude 
150 msec Duration 
C . Parachute Deployment 
Longitudinal Axis 
Half Sine Pulse 
3.6 G1s peak Amplitude 
300 msec Duration 
Lateral Axes 
Half Sine Pulse 
22 G1s peak Amplitude 
100 msec Duration 
Lateral Axes 
Half Sine Tulse 
4.6 G I s  peak Amplitude 
300 msec Duration 
u 
. i :  I ,. ' 
. a  P J .  , , , f ' /  . 
/ I 
- 4  
? I n p u t  t o  t h e  SRB Par;lch\itt. Reefing Line C u t t e r s  
%., 1. Acceptance Tes t  ClBitcr.in ( 1 min Itlxis) 
$, 
+ "  
5, 
20 - 50 Hz ia 0.033 g 2 / ~ z  
. ,I 50 - 60 Hz (4-6 dB1ot t  b 60 - 400 Hz @ 0.012 gd/Hz 
X : 400 - 770 Hz @ -9 dB Ioct 
a 
, i 770 - 1000 Hz @ 0.0033 g 2 / ~ z  
I b  
. . 
1000 - 2000 Hz @ -- 9 d B  ioct  
5 2000 Hz @ 0.0004 g 2 / ~ z  
Composite = 3.8 grms 
2. Lift-off Random Vibration Cr i t e r i a  (50 sec plus 10 sec/mission i n  each  axis) 
Composite = 5.6 grms 
3. Boost Random Vibration Cri ter ia  (80 sec plus 40 sec/mission in e a c h  ax i s )  
20 - 120 Hz @ 0.0083 g 2 / ~ z  
120 - 180 Hz @ +9 d B  Ioct 
180 - 800 Hz @ 0.027 g 2 / ~ z  
800 - 2000 Hz @ -12 dB10ct 
2000 Hz @ 0.00069 g 2 1 ~ z  
Composite = 5.0 grms 
4. R e e n t r y  Random Vibration Cr i t e r i a  (60 sec plus 30 sec/mission in each ax i s )  
20 - 50 Hz @ 0.13 g 2 1 ~ z  
50 - 60 Hz @ - 6  dB1oct 
60 - 400 Hz @ 0.090 g 2 / ~ z  
400 - 770 HZ @ -9 dB10ct 
770 - 1000 Hz @ 0.013 g 2 / ~ z  
1000 - ZOO0 Hz @ - 9 dB Ioct 
2000 Hz @ 0.0017 g 2 / ~ z  
Composite = 7 . 5  g 
rms  
5. Vehicle Dynamics Cr i t e r i a  
2 - 5 Hz @ 4 . 3  G's peak*  
5 - 10 Hz @ 0. i G's peak  
10 - 40 Hz @ 4 .3  G's peak  
* Design Cr i t e r i a  Only 
2- 310 
Input to the SRB System Tunnel 
1. Acceptance Test Criteria (1 min laxis) 
Radial Axis Long. and Tang. Axes 
20 Hz @ 0.0019 g 2 1 ~ z  
31) - 80 Hz @ +6 dB loct 
80 - 140 Hz @ 0.028 g 2 1 ~ z  
140 - 200 Hz @ +13 dB1~0t 
200 - 300 Ilz @ 0.13 g2lHz 
300 - 2000 HZ @ - 10.5 dB / O C ~  
2000 Hz @ 0.00015 g 2 / ~ z  
20 - 50 Hz @ 0.005 g 2 / ~ z  
50 - 150 Hz @ +3 dB loct 
150 - 500 Hz @ 0.015 W:IHZ 
500 - 2000 HZ @ -6 dB lcct 
2000 Hz @ 0.00095 g 2 / ~ z  
Composite = 5.8 grms Composite = 3' Grns 
2. Flight Random Vibration Criteria ( 4  m!.n plus 2 minlmission in each axis) 
Composite = 6.9 grms 
3.  Reentry Random Vibration Criteria (60 sec ~ I u s  30 seclmission in each axis) 
Radial Axis Long. and Tang. Axes 
20 Hz @ 0.0075 g 2 / ~ z  
20 - 80 Hz @ +6 dB / O C ~  
80 - 140 Hz @ 0.11 g 2 1 ~ z  
140 - 200 HZ @ +13 dBIoct 
200 - 300 Hz @ 0.5 g2/Hz 
300 - 2000 H z  @ -10.5 d B  loct 
2000 Hz @ 0.0006 g21Hz 
Composite = 11.6 grms Composite = 5.0 gr,, 
, . 
i Input to the SRB System Tunnel (Cont .) 
. , 
' -$  s ,  4. Vehicle Dynamics Criteria 
b Longitudinal Axis 
3.5 - 5 H z  @ 1.0 G peak* 
, 5 - 4 O H z @ l . O G p e a k  
Lateral Axes 
2 - 5 Hz @ 1.7 G peak* 
5 - 10 H z  @ 0.60 G peak 
10 - 40 Hz @ 1.7 G peak 
* Design Criteria Only 
'8 
5. Shock Test Criteria 
Tests will be performed by applying two shocks per mission in each axis (one in 
each direction or equivalent! for a total of six shocks per mission by mechanical 
methods or one shock per mission by ordnance. 
. ' 
. A. Ordnance Shock 
No shock test required. 
B.  Water Landing 
Longitudinal Axis 
Half Sine Pulse 
20 G Peak Amplitude 
150 mscr, Duration 
C . Parachute Deployment 
Half Sine Pulse 
3.6 G Peak hi~~plitude 
500 msec Duration 
Longitudinal Axis 
Lateral Axes 
Half Sine Pulse 
8 G Peak Am~litude 
100 rnsec Dur tion 
Lateral P xes 
Half Sine Pulse 
1.7 G Peak Amplitude 
300 msec Duration 
S R B  FWC SYSTEMS TUNNEL REENTRY FLUCTUATING PRESSURE 
PROTUBERANCE CRITERIA 
(One-third octave band acoustic specification in dB re. 20 p N lm2) 
Geometric Mean Sound Pressure 
Frequency ( H z )  Level ( d B )  
Overall SPL 167.5 
Duration: 60 sec plus 30 sec/rnission 
I 
..: Input  to SRB Range Safety Integrated ReceiveriDecoder (IRD) 
4- 1. Acceptance Tes t  Criteria ( 3  miniaxis) 
4 Radial Axis Long. and Tang.  Axes 
20 Hz @ 0.03 g 2 / ~ z  
20 - 40 Hz @ +3 dB1oct 
40 - 150 Hz @ 0.06 g 2 i ~ z  
150 - 300 Hz @ +3 dB Ioct 
300 - 800 Hz @ 0.12 g 2 / ~ z  
800 - 855 Hz @ +15 d B / m t  
855 - 1100 HZ @ 0.17 ~ Z / H Z  
1100 - 2000 Hz @ -6 dB1oct 
2000 Hz @ 0.05 g 2 / ~ z  
Con~posite = 11.5 grms Composite = 14.5 grms 
2. Qualification lP-cceptance Criteria ( 7 s i n  laxis)  
Radial Axis Long. a n d  Tang.  Axes 
20 Hz @ 0.27 g 2 i ~ z  
30 Hz @ + 3  dB1oct 
250 Hz @ 0.40 g 2 / ~ z  
448 Hz @ - 9 dB /?wt 
1400 Hz @ 0.070 gn/Hz 
2000 Hz @ -6 dB Ioct 
2000 H z  @ 0.034 g 2 / ~ z  
Composite = 14.9 grms Composite = 18.8 grms 
3. Liftoff Random Vibration Criteria (50 sec  plus  10 seclmission in each axis)  
Radial Axis Long. and  Tang.  Axes 
20 H Z  @ 0.10 ~ ~ I H Z  
20 - 40 Hz @ +3 dB/oct 
40 - 250 Hz @ 0.20 g Z / ~ z  
250 - 470 Hz @ -9 dB/oct 
470 - 1000 H Z  @ 0.030 ~ Z / H Z  
1000 - 2000 Hz @ -6 dB Ioct 
2000 Hz @ 0.0075 g 2 ~ ~ z  
Composite = 9.7 grms Composite = 12.1 grms 
Input to SRB Range Safety Integrated ReceiverIDecoder (IRD) (Cont. ) 
4. Boost Random Vibration Criteria (80 sec plus f 4ec/mission in each axis) 
Radial Axis Lox,, . and Tang. Axes 
Composite = 14.9 grms Composite = 18.8 grms 
5. Reentry Random Vibration Criteria (60 sec plus 30 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 13.9 grrns Composite = 13.8 grms 
6. Random Vibratim Test Tolerances 
a.  Acceptance Test Criteria: +1 dB, - 3  dB 
b. Qualification /Acceptance and Qualification Criteria : +3 dB, - 1 dE 
- 7. Vehicle Dynamics C,-i!eria 
Longitudinal Axis 
3.5 - 5 H z  @ 1.0 G's  peak* 
5 - 40 H z  @ 1.0 G's  peak 
Lateral Axes 
2 - 5 Hz @ 1.7 c;'s peak* 
5 - 10 H z  @ 0.6 G ' s  peak 
10 - 40 H z  @ 1.7 G ' s  peak 
--a @ * Design Criteri? Only - : 
T 6 :** , . +, 
- k fit . .' "'% 
*:. 1 2-315 . $: .. .
-e 61 
i--- . . ,  . . -  ---- - - -  -- - .. - .- _-- ----.--.-- 
- 
>., .' , &. -- - . & . ,  .fies <". -;.: - - 
1 Input to  SRB Range Safety Integrated ReceiverIDecoder (IRD) (Cont. ) 
< 
8. Shock Test Criteria 
4 
Tests will be performed by applying two shocks per mission in each axis (one in 
$ each direction or equivalent) for a total of six shocks per mission by mechanical 
methods or  one shock per mission by ordnance. 
i 
A .  Forw=d Skirt /Frustum Separation 
50 H z  @ 12 G r s  peak 
50 - 100 H z  O +12 d B / ~ t  
100 H z  @ 47 G r s  peak 
100 - 4,000 ?iz @ +6 dB/oct 
4000 - 10,000 Hz @ 1875 G r s  peak 
B. Water Landing 
Longitudinal Axis  
Half Sine Pulse 
20 G1s peak Amplitude 
150 msec Duration 
C . Parachute Deployment 
Longitudinal Axis 
H a l f  Sine Pulse 
3.6 G's peak Amplitude 
300 msec Duration 
Lateral Axes 
Half Sine Pulse 
22 G's  pcak Amplitude 
100 rnsec Duration 
Lateral Axes 
Half Sine Pulse 
4.6 G1s peak Amplitude 
300 msec Curation 
Input to the SRhl Nozzle Linear Shaped Charge (LSC) and the Flexible Confined 
Detonating Cord (FCDC) 
1. Acceptance Test Criteria (1 min /axis) 
Composite = 2 1.8 grms 
2. Flight Randoa Vibration Criteria ( 4  min plus 2 minlmission in each axis) 
20 Hz @ 0.038 g 2 / ~ z  
20 - 80@ H z  @ +3 dl3 oct 1 800 - 1200 Hz @ 1.5 g /Hz 
1200 - 2000 Hz @ -6 dB/oct 
2000 H z  @ 0.55 i S 2 / ~ z  
Composite = 43.6 grms 
3. Reentry Randsm Criteria (60 sec plus 30 secimission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 14.9 g 
r m  s 
Composite = 14.6 grms 
4. Vehicle Dynamics Criteria 
Longitudinal Axis 
3.5 - 5 Hz @ 0.7 G's peak* 
5 - 10 Hz @ 0.7 G1s peak 
10 - 10 Hz @ 1.0 G's peak 
* Design Criteria Only 
Lateral Axes 
2 - 5 Hz @ 2.0 G ' s  peak* 
5 - 10 Hz @ 0.5 G's peak 
30 - 40 H z  @ 3.7 G ' s  peak 
- Input to the SRM Nozzle Linear Shaped Charge (LSC) and the Flexible Confined 
Detonating Cord (FCDC) (Cont.) 
\ 5. Shock Test Criteria 
1 
Tests will be performed by applying two shocks per mission in each axis (one in 
each direction or equivalent; for a total of six shocks per mission by mechanical 
methods or one shock per mission by ordnance. 
A. Nozzle Severance 
Not applicable. 
B.  Watelh Landing 
Not applicable. 
C . Parachute Deployment 
Longitudinal Axis 
Half Sine Pulse 
3.6 G's peak Amplitude 
300 msec Duration 
Lateral Axes 
Half Sine Pulse 
3.4 G's peak Amplitude 
300 msec Duration 
t h e  ETISRB Range Safety Antenna 
/ 1. Acceptance Tes t  Criteria (1 min /axis) 
+ i 
- .  
- 8  Radial Axis 
-. . i 20 Hz @ 0.0065 g2/Ht  
20 - 250 Hz @ +6 dB/oct 
250 - 600 Hz 8 1.0 g 2 / ~ z  
600 - 2000 H: @ -12 dB/oct  
2000 Hz Q 0.0083 g2/Hz 
Long. and  Tang.  Axes 
20 Hz @ 0.0058 g 2 / ~ z  
20 - 60 Hz @ +6 dB/oct 
60 - 270 Hz @ 0.05 g 2 / ~ z  
270 - 450 Hz @ +12 dB/oct  
450 - 700 Hz @ 0.38 g 2 / ~ z  
700 - 2000 Hz @ -12 d B  Ioct 
2000 Hz @ 0.0065 g 2 / ~ z  
Composite = 25.1 grms Composite = 14.9 grms 
2. l f t - o f f  Random Vibration Criteria (50 sec p lus  10 sec /mission laxis)  
Radial Axis Long. a n d  Tang. Axes 
20 Hz @ 0.0026 g 2 / ~ z  
20 - 60 Hz @ +10 dB1oct 
60 - 205 Hz @ 0.10 g Z / ~ z  
205 - 350 Hz @ +9 dB Ioct 
350 - 800 HZ @ 0.50 g 2 / ~ ~  
SO0 - 2000 Hz @ -6 dB /act 
2000 Hz @ 0.082 g 2 1 ~ z  
Composite = 30.6 grms Composite = 22.8 grms 

Input - to the GT ISRB Range Safety Antenna (Cont.) 
: 
5.  Vehicle Dynamics Criteria 
Longitudinal Axis 
3 .5  - 5 H z  @ 1 . 0  G's peak* 
5 - 40 Hz @ 1 . 0  Gs' peak 
Lateral Axes 
2 - 5 Hz 62 1 . 7  G 1 s  peak* 
5 - 10 Hz 8 0 . 8  G's peak 
10 - 30 Hz @ 1.7  G's peak 
6. Shock Test Criteria 
Tests will be  performed by applying two shocks per mission in each axis (one in 
each direction o r  equivaleat) for a total of six shocks per  mission by mechanical 
methods or  one shock per mission by ordnance. 
A .  R S  Antenna Ordnance Shock Input Criteria 
All Axis 
50 H z  @ 12 G ' s  ~ e a k  
50 - 100 Hz @ -12 dB/oct 
100 Hz @ 47 G ' s  peak 
100 - 4,000 H z  @ +6 dB / O C ~  
4,000 - 10,000 Hz 8 1,875 G ' s  peak 
B. Water Landing 
Longitudinal Axis 
Half Sine Pulse 
20 G's peak Amplitude 
150 msec Duration 
C. Parachute Deployment 
Longitudinal Axis 
Half Sine Pulse 
3.6  G ' s  peak Amplitude 
300 msec Duration 
"- Design Criteria Only 
Lateral Axes 
Half Sine Pulse 
22 G's peak Amplitude 
100 msec Duration 
Lateral Axes 
Half Sine Pulse 
4 . 6  G ' s  peak Amplitude 
300 msec Duration 
Y 
. . r ,' ,. , 1 , . Fl;z*c.r&s..- , . * ,  * .v r) ., / i /  . 
- 
Input  t o  t h e  ETISRB Range Safety Bat ter ies  
i~ % 
1. Acceptance Tes t  Criteria (1 min laxis)  
a f Radial Axis 
. (1 
" f 
5 20 Hz @ 0.50 g 2 / ~ z  
. , 20 - 25 Hz @ +9 dB/oct  
- f. 25 - 40 Hz @ 1.0 galHz 
40 - 55 Hz @ -18 dB oct 
-1: 55 - 136 Hz @ 0.15 g 4 /Hz 
136 - 156 H Z  @ -18 d B / o ~ t  
e 156 - 750 Hz @ 0.063 galHz 
758 - 2000 H z  @ -9 dB Ioct 
2000 Hz @ 0.004 g 2 ~ ~ z  
Long. and  Tang.  Axes 
Composite = 9.8 grms Composite = 5.2 grms 
2. Lift-off Random Vibration Cri ter ia  (50 sec p lus  10 sec/mission/axis) 
Radial Axis Long. and  Tang. Axes 
Comrosite = 15.9 g-• Composite = 7.9 g 
I ~ S  rms 
Input to ET/SRl3 Range Safety Batteries (Cont.) 
3. Boost Random Vibration Criteria (80 sec plus 40 sec/niission/axis) 
Radial Axis Long. and Tang. Axes 
Compcsite = 19.6 grnls Composite = 10.3 gvms 
- L 
4 .  Reentry Random Vibration Crite~ia (60 scc plus 30 sec/mission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 11.9 grms Composite = 9 . 6  grm, 
Input to the ET ISRB Range Safety Batteries (Cont.) 
1 5. Vehicle, Dynamics Criteria !*' 
= %# t Longitudinal Axis 
. $  
h ? 3.5 - 5 H z  @ 1.0 G ' s  peak* 
b 5 - 40 Hz G 1.0 G ' s  pettk 
%, 
Lateral Axes 
2 - 5 Hz @ 1.7 G I s  peak* 
5 - 10 Iiz w 0.8 G I s  peak 
10 - 40 Hz (d 1.7 G I s  peak 
6. Shock Test Criteria 
- i. Tests will be performed by applying two shocks per mission in each axis (on3 in 
each direction o r  equivalent) for a total of six shocks per  mission by mechanical 
meinods o r  one shock per mission by ordnance. 
A. Ordnance 
50 Hz @ 12 GIs peak 
5 0 -  i O O H z @ + 1 2 d B / o c t  
100 Hz @ 47 G ' s  peak 
100 - 4,000 Hz @ +6 dB /act 
4,000 - 10,000 H z  @ 1,875 G I s  peak 
B .  Water Landing 
Longitudinal Axis 
Half Sine Pulse 
20 G I s  peak Amplitude 
150 msec Duration 
C . Parachute Deployment 
Longitudinal Axis 
Half Sine Pulse 
3.6 G I s  peak Amplitude 
300 msec Duration 
* Design Criteria Only 
Lateral .?xes 
Half Silie Pulse 
22 G ' s  peak Amplitude 
100 msec Duration 
Lateral Axes 
Half Sine Pulse 
4.6 G I s  peak Amplitude 
300 msec Duration 
Input to the ET /SRB Range Safety Couplers, Receiver, Decoder 
1. Acceptance Test Criteria ( 1  minlaxis) 
Radial Axis Long. and Tank Axes 
Composite = 9.0 grms Composite = 9 . 4  grms 
1 2 .  Lift-off Random Vihratbn Criteria (50  sec plus 10 sec/mission/axis) 
. a  
Radial Axis Long. and Tang. Axes 
: Composite = l .6.0 gPms Composite = 12.2 grms 
Input to the ET /SRB Range Safety Couplers, Receiver, Decoder (Cont. ) 
:i. Boost Random Vibration Criteria (80 sec plus 40 sec/mission/axis) 
Radial Axis Long. and Tang. Axes 
Composite = 18.1 grms Composite = 18.9 grmS 
4 .  Reentry Rar ;dam Vibration Criteria (60 sec plus 30 see /mission /axis) 
Radial Axis Long. and Tang. Axes 
Composite = 13.9 grms Composite = 13.8 g. .rr - 
1 ? ' I >  
, 
.,,<- 
- Input to the ET ISRR Range Safety Couplers, Receivers, Decoder (Cont . ) 
5 5. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
3.5 - 5 H z  @ 1.0 G ' s  peak* 
5 - 42  Hz @ 1.0 G's peak 
2 - 5 Hz @ 1.7 G 1 s  peak* 
5 - 10 Hz @ 0.8 G ' s  peak 
10 - 40 H z  @ 1.7 G ' s  peak 
: 6. Shock Test Criteria 
Tests will be performed by applying two shocks per mission in each axis (one in 
each direction o r  equivalent) for a total of six shocks per mission by mechanical 
method: or  one shock per mission by ordnance. 
A.  Ordnance 
50 H z  @ 12 G's peak 
50 - 100 H Z  @ +12 dB10ct 
100 Hz @ 47 G ' s  peak 
100 - 4,000 H z  @ +6 dB Ioct 
4,000 - 10,000 Hz @ 1,875 G's peak 
B. Water Landing 
Longitudinal Axis 
Half Sine Pulse 
20 G's peak Amplitude 
150 msec Duration 
C . Parachute Deployment 
Longitudinal Axis 
Half Si-,e h l s e  
3.6 S's peak Amplitude 
300 msec Duration 
Lateral Axes 
Half Sine Pulse 
22 G ' s  peak Amplitude 
100 msec Duration 
Lateral Axes 
Half Sine Pulse 
4.6 G's peak Amplitude 
300 msec Duration 
2. 
* Design Criteria Only 
Input to the ETISRI: Range Safety Safe and A r m  Device 
1. Acceptance Test Criteria (1 minlaxis) 
Radial Axis Long. and Tang. Axes 
Composite = 8.4 grmE 
2. Lift-off Random Vibration Criteria 
Radial Axis  
. i
s 20 HZ @ 2.0 ~ ~ I H Z  
2 0 -  2 5 H z  @+9dB:oct 
25 - 40 H Z  @ 4.0  g2/Fiz 
40 - 55 Hz @ -18 d B / ~ t  
. . 
55 - 136 HZ @ 0.6 g 2 ~ ~ ~  
136 - 170 Hz @ -18  d B / ~ t  
170 - 250 H Z  @ 0.15 g2/Hz 
250 - 340 Hz @ - 9  dB / ~ t  
340 - 1000 HZ @ 0.06 g 2 / ~ z  
1000 - 2000 Hz @ - 6  dB Ioct 
2000 H z  @ 0.015 g21Hz 
Composite = 15.8 grms 
Composite = 8.5 grms 
(50  sec plus 10 seclmission iasis) 
Long. and Tang. Axes 
Composite = 10.9 grms 
Input  to  t he  ET ISRB Range Safety Safe and  Arm Device (Cont .) 
3. Boost Random Vibration Criteria (80 sec plus  40 sec/mission/axis) , 
Radial Axis Long. a n d  Tang.  Axes 
20 - 40 H z  @ 0.133 g21Hz 
40 - 48 Hz @ - 9 d B 1 0 c t  
48 - 135 Hz @ 0.08 g2/Hz 
135 - 255 Hz @ +3 dB/oc t  
255 - 700 Hz 8 0.15 g z l ~ z  
700 - 755 Iiz @ +15 dB Ioct 
755 - 1100 H Z  @ 0.22 g 2 ~ ~ ~  
1100 - 2000 Hz @ -6 d B / ~ t  
2000 Hz @ 0.067 g2/Hz 
Composite = 16.7 g Composite = 16.9 grms 
r m s  
3. Reentry Random Vibration Criteria (60 sec  plus  30 sec/mission/axis) 
Radial Axis Long. and  Tang.  Axes 
Composite = 11.9 g 
r m s  
Composite = 12.2 grmS 
Input to the ET /SRB Range Safety Safe and Arm Device (Cont .) 
5. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
3.5 - 5 Hz @ 1.0 G I s  peak* 
5 - 40 H z  Ca 1.0G1speak 
2 - 5 Hz @ 1.7 G's peak* 
5 - 10 Hz @ 0.8 G I s  peak 
10 - 40 Hz @ 1.7 G's peak 
6. Shock Test Criteria 
Tests will be performed by applying two shocks per mission in each axis (one in 
each direction or  equivalent) for a total of six shocks per mission by mechanical 
methods o r  one shock per mission by ordnance. 
A .  Ordnance 
50 Hz @ 1 2  G ' s  peak 
5 0 -  1 0 0 H z @ + 1 2 d B / o c t  
100 Hz @ 47 G ' s  peak 
100 - 4,000 H z  @ +6 dB/oct 
4,000 - 10,000 Hz @ 1,875 G's  peak 
B. Water Landing 
Longitudinal Axis 
Half Sine Pulse 
20 G's  peak Amplitude 
150 msec Duration 
C . Parachute Deployment 
Longitudinal Axis 
Half Sine Pulse 
3.6 G's  peak Amplitude 
300 msec Duration 
* Design Criteria Only 
Lateral Axes 
Half Sine Pulse 
22 G I s  peak Amplitude 
100 ms?c Duration 
Lateral Axes 
Half Sine Pulse 
4.6 G's  peak Amplitude 
300 msec Duration 
Input to  t he  ETISRB NSI Detonator 
\ 1. Acceptance Test  Criteria ( 1  min laxis) 
.I 
Radial Axis Long. and  Tang.  Axes 
20 Hz @ 0.095 g 2 / ~ z  
20 - 70 Hz @ + 3  dB/cot 
70 - 90 Hz @ 0.3 g21Hz 
90 - 97 Hz @ - I 2  dB/oct 
97 - 130 Hz @ 0.23 g 2 1 ~ z  
130 - 500 Hz @ +3 dB/oct 
500 - 700 H z  @ 0.85 g 2 / ~ z  
700 - 2000 Hz @ -9 dB Ioct 
2000 Hz @ 0.038 g 2 / ~ z  
Composite = 25.7 g 
rr.5 
20 - 145 Hz @ 0.14 g 2 / ~ z  
145 - 180 Hz @ +9 dB Ioct 
180 - 540 Hz @ 0.25 g21Hz 
540 - 810 Hz @ +3 dB1oct 
810 - 1200 HZ @ 0.38 g 2 / ~ ~  
1200 - 2000 Hz @ -6 dB Ioct 
2000 Hz @ 0.14 g2/Hz 
Composite = 22.9 grms 
2 .  Flight Random Vih:ation Criteria ( 4  min plus  2 min /mission /axis) 
Radiai Axis Long. and  Tang.  Axes 
Composite = 46.7 g 
rms 
Composite = 45.8 grms 
J , ,I t. 'eJ**+. 7 '  * ? 8 .  /' i ' !  ''i 
; S: 
*: Input t o  t h e  ETISRB NSI Detonator (Cont.)  
L 
\:, 3. Reent ry  Random Vibration Criteria (60 sec p lus  30 sec/mission/axis) 
-C Radial Axis Long. and Tang.  Axes 
'r 20 . ~ z  @ 0.38 g2/Hz 
20 - 70 Hz @ +3 dB loct 
70 - 90 Hz @ 1.20 g 2 / ~ ~  
! 90 - 97 Hz @ -12 dB/oct  
97 - 130 Hz @ 0.90 g 2 / ~ z  
130 - 500 Hz @ +3 dB/oct 
.. . 500 - 700 Hz @ 3.40 g Z / ~ z  
700 - 2000 H Z  @ - 5  dB /cot 
2000 Hz @ 0.15 g2/Hz 
Composite = 51.3 grmS Composite = 40.0 grms 
Input to - the ET ISRB NSI Detonator (Cont.) 
4. Vehicle Dynamics Criteria 
Longitudin~l Axis Lateral Axes 
3.5 - 5 Hz @ 1.0 G1s peak* 
5 - 40 Hz @ 1.0 G1s peak 
5. Shock Test Criteria 
2 - 5 Hz @ 4.3 G's peak* 
5 - 10 Hz 6 0.8 G1s peak 
10 - 40 Hz @ 4.3 G's peak 
Tests will be performed by applying two shocks per mission in each axis (one in , 
each direction or equivalent) for a total of six shocks per mission by mechanical 
methods or one shock per mission by ordnance. 
A. Ordnance 
50 Hz @ 24 G1s peak 
50 - 100 Hz @ +12 dB/mt 
101) Hz @ 94 GIs  peak 
100 - 4,000 Hz @ +6 dB Ioct 
4,000 - 10,000 Hz @ 3,750 G1s peak 
B. Water Landing 
Longitudinal Axis 
Half Sine Pulse 
20 G1s peak Amplitude 
150 msec Duration 
C . Parachute Deployment 
Longitudinal Axis 
Half Sine Pulse 
3.6 G's peak Amplitude 
300 msec Duration 
Lateral Axes 
Half Sine Pulse 
22 G ' s  peak Amplitude 
100 msec Duration 
Lateral Axes 
Half Sine Pulse 
4.6 G 's  peak Amplitude 
300 msec Duration 
/ .  * Design Criteria Only 
Input to the ET/SRB CDF Assembly 




20 Hz @ 0.5 g2/Hz 
20 - 25 Hz 0 +9 dB Ioct 
25 - 40 HZ 0 1.0 galHz 
40 - 48 Hi: @ - I 8  dB/wt 
48 - 80 HZ @ 0.38 ~ Z / H Z  
80 - 150 Hz @ +4 dB /oct 
150 - 540 Hz @ 0.88 g21Hz 
540 - 700 Hz @ +6 dB /oct 
700 - 1000 Hz @ 1.5 ga/k?z 
1000 - 2000 Hz @ -12 dB/oct 
2000 Hz @ 0.098 gZ/Hz 
Long. and Tang. Axes 
Composite = 39.9 grms Compcrsite = 27.5 g,ms 
2. Lift-off Random Vibration Criteria ( 50 sec plus 10 sec /mission /axis) 
Radial Axis Long. and Tang. Axes 
Composite = 33.1 gpms Composite = 25.6 grms 
Input  t o  t h e  ET ISRB CDF Assembly (Cont .) 
3. Boost Random Vibration Criteria (80 sec p lus  40 sec /miss ion /ax is~  
Radial Axis Long. and  Tang.  Axes: 
20 H Z  @ 2.0 g 2 ~ ~ ~  
20 - 25 Hz @ + 9  dB/oct  
25 - 40 Hz @ 4.0 g 2 / ~ l z  
40 - 48 Hz (3-18 dB1oct 
48 - 80 Hz @ 1.5 g2/Hz 
80 - 150 Hz @ +4 dB /cot 
150 - 540 HZ @ 3.5 ~ ~ I H Z  
540 - 700 Hz @ +6 dB Ioct j 700 - 1000 Hz @ 6.0 g 2 1 ~ z  1000 - 2000 Hz @ -12 dBioct  
2000 Hz @ 0.39 gr lHz  
5; 
t CamPosite = 79.8 grms 
20 Hz @ 0.07 g 2 1 ~ z  
20 - 150 Hz $ +4 dBIoct 
150 - 300 Hz @ 0.8 g 2 1 ~ z  
300 - 500 Hz @ 412 dBloc t  
500 - 1000 Hz @ 3.0 g 2 / ~ z  
1000 - 2000 H z  @ - 9 dB Ioct 
2000 Hz @ 0.39 g2IHz 
Composite = 55.0 grms 




. . Radial Axis Long. and  Tang. Axes 
20 - 30 HZ @ 0.80 g 2 / ~ z  
30 - 50 Hz @ +3 dB Ioct 
50 - 200 HZ @ 1.30 g 2 / ~ ~  
200 - 500 Hz @ +3 ciB1oct 
500 - 700 H Z  @ 3.40 ~ ~ I H Z  
700 - 2300 Hz @ - 9 dB loct 
2000 Hz @ 0.15 g 2 ~ ~ z  
Composite = 51.5 grms 
20 Hz @ 0.80 g Z / ~ z  
20 - 40 H Z  @ -'3 dB10ct 
40 - 60 5 z  @ 1.60 g Z ! ~ z  
60 - 65 Hz @ - 1 2  dB 10ct 
65 - 1000 Hz @ 1.20 g 2 / ~ z  
1000 - 2000 Hz @ -9  dB loct 
2000 Hz @ 0.15 g 2 / ~ z  
Composite = 40.5 grms 
Ir!put to the ETISRB CDF Assembly (Cont.) 
- 
5. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
3.5 - 5 Hz @ 1.0 G 1 s  peak* 
5 - 40 Hz @ 1.0 G 1 s  peak 
2 - 5 H z  @ 4.3 G1s peak* 
5 - 10 H z  @ 0.8 G1s peak 
10 - 40 H z  @ 4.3 G1s  peak 
6. Shock Test Critri-ia 
Tests will be performed by applying two shocks per mission in each axis (one in 
each direction or equivalent) for a total of six shocks per mission by mechanical 
methods or one shock per mission by ordnance. 
A .  Ordnance 
50 H z  @ 47 G ' s  peak 
50 - 100 Hz @ +12 dB/oct 
100 Hz @ 188 G1s peak 
100 - 4,000 Hz @ +6 dB1oct 
4,000 - 10,000 H z  @ 7,500 G1s  peak 
B. Water Landing 
Longitudinal Axis Lateral Axes 
Half Sine Pulse 
20 G 1 s  peak Amplitude 
150 rnsec Duration 
Half Sine Pulse 
22 G1s  peak Amplitude 
100 msec Duration 
C . Parachute Deployment 
Longitudinal Axis Lateral Axes 
Half Sine Pulse 
3.6 G1s peak Arnplitudn 
300 rnsec Duraticn 
* Design Criteria Only 
Half Sine Pulse 
4.6 G1s peak Amplitude 
300 msec Duration 
Input to the ET ISRB CDF Assembly (Cont.) 
- 
5. Vehicle Dynamics Criteria 
Longitudinal. Axis Lateral Axes 
3 . 5  - 5 H z  @ 1.0 G ' s  peak* 2 - 5 H z  @ 4.3 C's peak* 
5 - 40 H z  @ 1.0 G's peak 5 - 10 Hz @ 0.8 GIs peak 
10 - 40 H z  @ 4 .3  G ' s  peak 
[ 6. Shock Test Criteria 
t 
4 Tests will be performed by applying two shocks per msision in each axis (one in 
. , each direction or equivalent) for a total of six shocks per mission by ;?cchanical 
methods o r  one shock per mission by ordnance. 
! 
i A .  Ordnance 
50 H z  @ 47 G 1 s  peak 
5 0 -  1 0 0 H z @ + 1 2 d B / o c t  
100 Hz @ 188 G ' s  peak 
' , 
100 - 4,000 H Z  @ +6 dB / O C ~  
1 , 4,000 - 10,000 Hz @ 7,500 G 1 s  peak 
B .  Water Landing 
b. ; Longitudinal Axis 
. . 
Half Sine Pulse 
30 G1s peak Amplitude 
150 msec Duration 
C . Parachute Deployment 
Longitudinal Axis 
Half Sine Pulse 
3.6 G 1 s  peak Amplitude 
300 msec Duration 
Lateral Axes 
Half Sine Pulse 
20 G1s peak Amplitude 
100 msec Duration 
Lateral Axes 
Half Sine Pulse 
4.6 G1s peak Amplitude 
300 msec Duration 
- * Design Criteria Only 
Input - to  the ETISRB CDF Msnifold 
1. Acceptance Test Criteria (1 minlaxis) 
Radial Axis 
Composite = 38.5 grms 
Long. snd Tang. Axes 
Composite = 27.8 grmS 
n 
2. Lift-off Random Vibrrtion Criteria (50 sec plus 10 seclmission laxis) 
Radial Axis Long. and Tang. Axes 
20 H z  ki 0.056 g 2 / ~ z  
20 - 50 H z  @ + 3  dB1oct 
50 - 340 H7 @ 0.14 g 2 / ~ z  
340 - 400 Hz @ +6 dB Ioct 
400 - 1200 H z  @ 0.19 g 2 1 ~ z  
1200 - 2000 H z  @ -3 dB Ioct 
2000 H Z  @ o . i i  g 2 ~ ~ ~  
Composite = 22 .2  grms Composite = 17.9 grms 
Input tothe ET ISRB CDF Manifold (Cont .) 
. '  
. . , i&+ . C A .  , 
3. Boost Random Vibration Criteria (80 sec plus 40  seclmission in each axis) 
Radial Axis Long. and Tang. Axis 
Composite = 76.9 grns 
9 .  
Composite = 55.5 grms 
4. Reentry Random Vibration Criteria ( SO sec ~ l u s  30 sec /mission /axis) 
Radial Axis Long. and Tang. Axes 
Composite = 51.5 grms Composite = 40.5 grms 
Input to the ET ISRB CDF Manifold (Cont.) 
5 Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
3.5 - 5 H z  @ 1.0 G ' s  ~ e a k . ~  
5 - 40 H z  B 1.0 G's  peak 
I- . - 5 Hz @ 4.3 G ' s  peak* 
5 - 10 H z  @ P . 8  G I s  peak 
10 - 40 H z  @ 4.3 G I s  peak 
6. Shock Test Criteria 
Tests will be performed by applying two shor,';s pl?r mission in each axis (one in 
each direction or equivalent) for a total of six shocks per rilission by mechanical 
methods or one shock per mission by ordnance. 
50 Hz @ 47 G's per1: 
50 - 100 Hz @ +12 dB loct 
100 Hz @ 188 G I s  peak 
100 - 4,1100 Hz @ +6 dB loct 
4,000 - 1G,000 Hz @ 7,500 G's peak 
B.  Water Landing 
Lmgitudinal Axis 
Half Sine Pulse 
20 GIs peak Amplitude 
150 r.lsec Duration 
C . Parachute Deployment 
L~i~gitudinal hxis 
Half Sine Pulse 
3.1 Cts peak Amplitude 
300 msec Dilllation 
* Design Criteria Only 
Lateral Axes 
Half Sine Pulse 
22 G ' s  peak Aniplitude 
100 ms,s Duration 
Lateral Axes 
Half Sjne Pulse 
7.3 G ' s  peak Amplitude 
300 msec Duration 
.- ? Input to  the  ET/SRB Range Safety Integrated ReceiverIDecoder ( I R D )  
1 Acceptsnce Test Cri tcr is  ( 3  mhr'axis) 
? 
a Radial Axis Long. and  Tang.  Axes 
2 .  Qualification iAcceptance Criteria ( 7 rnin laxis) 
Radial Axis Long. and  Tang.  Axes 
Composite = 18.1 grms 
40 HL @ 0.133 g 2 / ~ z  
44 Hz @ -9 dB/oct 
150 Hz @ 0.10 g 2 / ~ z  
300 Hz @ +3 dl3 Ioct 
800 Hz. @ 0 .20  g 2 / ~ z  
855 Hz @ +15 dB/oct 
1190 Hz $ 0.28 g 2 / ~ z  
2099 Hz @ -6 dBioct 
2000 H z  G 9.085 g 2 / ~ z  
Conposite = 18.9 grms 
3 .  Liftoff Random Vibration Criteria (50 sec plus  10 sec/mission in each axis)  
Radial Axis 
20 Hz @ 2.0 g 2 / ~ z  
20 - 25 Hz @ + 9  t!B oct 1 25 - 40 H Z  @ 4.0 g /HZ 
40 -- 55 Hz @ - I 8  dB/oct 
55 - 136 Hz @ 0.6 g 2 / ~ z  
1 3  - 165 H Z  @ -18 dB/oct 
165 -- 250 Hz @ 0.2 g 2 / ~ ~  
250 - 380 Hz cd -9 dB / O C ~  
380 - 1000 Hz @ 0.06 g 2 / ~ z  
1000 - 2000 Hz Q -6 dB /oct 
2000 Hz @ 0.015 g 2 / ~ z  
Composite = 16.0 grms 
Long. a r ~ d  Tang. Axes 
Composite - 12.2 grms 
2- 34 1 
? Input to the ET /SRB Range Safety Integrated Receiver /Decoder (IRD) (Cont . ) 
t 
* ,-.a ..-Ae- w r : L -  A- - - 
=% *. U - ~ L  R a ~ r u u . r r  v lvl-aiior~ Criieria (80 sec plus 40 seclmission in each axis) 
I Radial Axis Long. and Tang. Axes 
Composite = 18.1 gpms Composite = 18.9 gms 
5 ,  Reentry Random Vibration Criteria (60 sec plus 30 secimission in each axis) 
Radial Axis Long. and Tang. Axes 
Composite = 13.9 grms Composite = 13.8 grms 
6. Random Vibration Test Tolerances 
a. Acceptancc test criteria : +1 dB, - 3 dB 
b . Qualification /acceptance and qualit'ication criteria: +3 dB, - 1 dB 
7. Vehicle Dynamics Criteria 
I 
L Longitudinal Axis La~eral Axes 
3.5 - 5 Hz @ 1.0 G1s peak* 
, i 5 - 40 Hz @ 1.0 G1s peak 
- 
~;J 
* Design Criteria Only 
2 - 5 Hz @ I . 7  G1s peak* 
5 - 10 Hz @ 0.8 G1s peak 
10 - 40 Hz @ 1.7 G1s peak 
Input to the ET ISRB Range Safety Integrated Receiver /Decoder (IRD) (Cont . ) 
i 8. Shock Test Criteria 
Tests will  be performed by applying two shocks per mission in each axis (one in 
each direction or  equivalent) for a total of six shocks per mission by mechanical 
methods or one shock per mission by ordnance. 
A.  Ordnance 
50 Hz 8 12 G's peak 
50 - 100 Hz @ +12 dB/oct 
100 Hz @ 41 G's peak 
100 - 4,000 Hz @ +6 dB Ioct 
4,000 - 10,000 Hz @ 1,875 G's  peak 
. B. Water Landing 
Longitudinal Axis 
Half Sine Pulse 
20 G's peak Amplitude 
150 msec Durat'on 
C . Parachute Deployment 
Longitudinal Axis 
Half Sine Pulse 
4.6 ti's peak Amplitude 
300 msec Duration 
Lateral Axes 
Helf Sine Pulse 
22 C's peak Amplitude 
106 msec Duration 
Lateral Axes 
Half Sine Pulse 
4.6 G's  peak Amplitude 
300 msec Duration 
c SECTION VI . INDEX TO SPECIFICATIONS 
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................ Weight of Panel and Components 2 120 lb 2-112 
Subzone 8-5-1-C-1 Input tc Components Mounted on the SRB Forward 
Skirt Acionics Panels - +135O. Total Weight of 
Components 2 60 lb.. .................................... 2-113 
Subzone 8- 5- 2 SRB Forward Skirt Avionics - +45O from Y-Axis 
............... Adjacent to ET. (General Specifications). 2-114 
Subzone 8- 5- 2-A Input to SRB Forward Skirt Avionics Panels - 
+45O from Y-Axis Opposite to ET. Total Weight 
......................... of Panel and Components < 80 lb 2-115 
Subzone 8-5-2-A-1 Input to Components Mounted on the SRB Forward 
Skirt Avionics Panels - +45O from Y-Axis Adjacent 
... to  ET. Total Weight of Components on Pbnel c 20 lb.. 2-126 
Subzone 8-5-2-B Input to SRB Forward Skirt Avionics Panels - t45O 
f r o m T ~ x i s  Adjacent to ET. Total Weight of Panel 
........................ and Component r 80 but < 120 1b 2-117 
Subzone 8-5-2-B-1 Input to Compone~lts Mounted on *.Qe SRB Forward 
Skirt Avionics Panels - 245O f r r ~ i n  Y-Axis Adjacozt 
to ET. Total Weight of Components on Panel 
........................................ 2 20 but < 60 ib 2-118 
Subzone 8- 5- 2-C In ut to SRB Forward Skirt Avionics Panels - +45O re- rom Y -Axis Adjacent to ET . Total Weight of Panel 
................................ and Components 2 120 lb 2-119 
Subzone 8-5- 2-C-1 Input to Components Mounted on the SRB Forward 
Skirt Avionics Panels - +45O from Y-Axis Adjacent 
............. to ET. Total Weight of Components 2 60 lb 2-120 
........................................ Zone 9 SRB Nose Cone.. 2-121 
Subzone 9-1 SRB Frustum (Sthtions 395-275) 
................................. ( G r  -era1 Specifications) 2- 1 2 1  
Subzone 9- l-A Input to Components Mounted on the SRB Frustum 
........ (Stataons 335-2"5,. Weight of Ccmponent < 10 lb % l a 1  
Vibration Specifications (Cont . ) Page 
Subzone 9-1-B Input to Components Mount2d on the SRB Frustum 
(Stations 395-275). Weight of Component 2 10 
............................................. but c 25 1b 2-123 
Subzone 9- 1-C Input to Components Mounted on the SRB Frustum 
(Stations 395-275). Weight of Co!n~3ment 2 25 lb ........ 2- 125 
Subzone 9-2 SRB Nose Cap (Stations 275-200) 
(General Specifications) ................................. 2- 1 2 7  
Subzone 9-2-A Input to Components Mounted on the SRB Nose 
Cap (Stations 275-200). Weight of Component < 10 lb ... 2- 127 
Subzone 9-2-B Input to Components Mounted o ; ~  the SRB Nose 
Cap (Stations 275-200). Weight of Component 2 10 
............................................ but < 25 1b 2-129 
Subzone 9- 2-C lnput to Components Mounted on the SRB Nose Cap 
(Stations 275- 200). Weight of Component .> 25 lb ........ 2- 131 
SHOCK SPECIFICATIONS 
.............................................................. SRB Nozzle..... 2-133 
............................................................... SRB A f t  Skirt.  2-134 
............................................ SRB Fuel Cylinder and Bulkheads 2-134 
........................................................... SRB Forward Skirt 2-135 
............................................. Panels in the SRB Forward Skirt 2- 136 
................................................. SRB Forward Skirt Bulkhead 2-136 
SRB Nose Cone..... .......................................................... 2-137 
t 
SRB Water Landing Shock Criteria.. .......................................... 2- 138 I 





Subzone 6-1 SRB Nozzle (Stations 1990-1830) 
....................... (General Specifications) Internal.. 2- 140 
/ 
!-= - Subzone6-1 SRB Nozzle (Stations 1990-1830) 
i . ., 
........................ (General Specifications) External 2-141 
SRB Aft Skirt (Stations 1930-1837) 






Acoustic Specifications (Cant. ) 
Subzone 6- 2 SRB Aft Skirt (Stations 1930-1837) 
(General Specifications) External ........................ 
Subzone 7-1 SRB Aft Fuel Bulkhead (Stations 1875-1828) 
(General Specifications) External ........................ 
Subzone 7-2 SRB Aft Fuel Cylinder (Stations 1837- i 180) 
(General Specifications) External ........................ 
Subzone 7- 2- 1 SRBIET Attach Ring (Station 1511) 
(General Specifications) External ........................ 
Subzone 7-3 SRB Forward Fue; Cylinder (Stations 1180-524) 
!General Specifications) External ........................ 
Subzone 7-4 SRB Forward Fuel Bulkhead (Stations 531-486) 
(General Specifications) External ........................ 
Zone 8 SRB For ward Skirt (Stations 524- 395) 
(General Specifications) Internal.  ........................ 
Subzone 8-1 SRB Forwsrd Skirt (Stations 524-485) 
(General Specifications) External ....................... 
Subzone 8-2 SRB Forward Skirt  (Stations 484-434) 
(General Specifications) External ........................ 
Subzone 8- 3 SRB Forward Skirt (Stations 433-395) 
(General S yecifications) External ........................ 
SRB Frustum and Nose Cone (Stations 395-200) 
(General Specifications) Internal.  ........................ 
Subzone 9-1 SRB Frustum (Stations 395-275) 
(Genersl Specifications) External ........................ 
Subzone 9-2 SRB Nose Cone (Stations 275-200) 
........................ (General Specifications) External 
SRB Inflight Oscillating Shock.. .............................................. 
SRB In flight Fluctuating ?ressulBe Proiuberence ............................... 
SRB Aft Skirt Thermal Curtain. External ...................................... 
I EUECIFIC COIMPONENT SPECIFICATIONS 
., 
r;l Input to - :he Range Safety Panels. Total iireight of Components on the Panel = 20 lb..  ........................................................ f5 
;r; Input to Components on the R a ~ g e  Ssfety Panels. Total Weight -- 





F '  
,, 
. t 
> ,  ! 
' C  
4 - Specific Component Specifications (Con+. ) Page 
i I n p ~ t  o the  Range Safety kanels. Total Weight of Cornponents 
.................................................. u on the Panel = 55 l b . . . . . . . .  2-166 
Input to Components on the Range Safety Panels. Total Weight 
- 
of components ont he Panel = 551b .......................................... 2-169 
............... 2-172 Input to the Range Safety System Linear Shaped Charge (LSC) 
Input to the  Linear Shaped Charge (LSC) Assembly and the 
Detonator Block Locnted at the Forward SkirtIFrustum 
Separation Plane.. ............................................................ 2-175 
Input to the  Confined Detonating Fuse ( C D F )  Initi;~tors,  CDF 
................................................. kssembly, and CDF Manifold. 2-178 
.. ' 
. 
................................................... Input to the  NSI Detonator 2 - 1 3  
Input to the Nose Cap Sep:~rotion Thrusters  and Prc.-;svre Ci~rtr idges ......... 2-'54 
--
............................... 2-186 Input to the SRB Forward Separation Rlotors.. 
...................................... Input to the SRB Aft Separation hlotors 2-189 
-- 
.......................... Input to SRB/ET Aft Attach Poilit Separation Bolt . .  2-192 
- 
b 
................... 2-193 Input lo the  SRBIET Forward Attach Point Sepnration Bolt 
Input to the Separation Bolt Pressure Cartridge (NSI Pressure , 
car t r idge)  ................................................................... 2-195 
Input to ths  SRB Holddown Frangible Nut and Bol t . .  ......................... 
Input to the  SRB Main Parachute at the Upper Ring (Station No. 318) ........ 
- -
Input to - the  SRB Llain Parachute at the L2wer Ring (Station No. 367) ........ 
Input to the SRB Drogue Parachute r;t the Lower Ring (Station No. 2 7 5 ) .  ..... 
-- 
Input to the  Rlain Chute ke!ease Sepnration Nut .............................. 
J 
lnput to  the Integrated Electronics t-ssernhly (IEA) Located on the 
--- 
................................................. Forward Skirt Reaction Ring. 2-208 i 
+ lnput to the  Integrated Electronics Assembly (IEA) Located Between 
................................... the Webs oi the SRBIE'T Aft Attach Ring. .  2-212 
- "  
i 
...................................... Input to  the  Aft IEA Isolation Systrc;.. 2-216 I 
d i 
:d Input to the  Intc!grated Electronics Assembly (IEA) Multiple Locations 
......................... w (Aft Attach Ring and Forward Skirt Reaction Ring). 2-218 \ ;  
3 Input to  the IEA Llultiplexer I~i terface Adapter ( M r  1 ) .  ........................ 2-222 
Specific Component Specifications (Cont . ) .'age 
Input t c~  the :EA Internal Components (Components Mounted to  the 
inside IEA Housing Except the Multiplexer De-Multiplexer 1.. .................. 2- 225 
Il.plr? to the IEA Multiplexer De-Multiplexer (MDM) Assembly.. ................ 2-228 
Input to the 'rVC System Upper Frame Assembly.. ............................ 2-131 
Input to Auxiliary Propulsion Unit lsolation System ........................... 2-234 
-
Input to Pump ................................................................ 2-238 
-
Input to High Pressure Filter and Fuel Isolation Valve ........................ 2-243 
Input to Fuel lsolrtiorl Valve ............................................... 8-248 
Input to the TVC System Lower Frame Assembly.. ............................ 2 - 2 3  
--
Input to Manifold ............................................................. 2-256 
Input to Reservoir ......................................................... 2-261 
Input to fuel  Supply Module. ................................................. 2-264 
............................ 2-267 lnput to Fuel Supply blodule OF1 Pressure Sensor 
Input to Components on the Hydraulic Power "=lpply Service Panels 
and the Hydraulic Fluid Supply Pressure Trcnsducer ......................... 2-272 
Input to the SRB Actuator Assembly (Nozzle Attach) ......................... 7-277 
- -  
lnput to the SRB Actuator Assembly (Aft Skir? Attach). ...................... ,'-779 
Imput to Frustum Location Aid (FLA) ......................................... 2-282 
- 
Input to the FLA Flashing Light. ............................................ 2-2P5 
Input to the Forward Skirt Eleacon Transmitter .............................. 2-291 
Input to the Rate Gyro Mounting Panel ....................................... 2-294 
- -
In ut to the Separation Motor DFI Pressure Sensor ........................... 2-297 J-.- .- 
Input to Separation Ir,strumentation Package.. ................................ 2-299 
Input to the Barometric Altitude Switch.. ..................................... 2-302 
Input to the PRB Connectors ................................................. 2-305 
Input to the SRM Safe and Arm Device ....................................... Z ;CS 
---- 
Input to SRB Parachute Reefing Line Cut ters . .  .............................. > : , , i f  \ 
SRB Systems Tunnel .............................. ............... 2-$:I 
. - 
'- 5 
- Specific Componc lit Specifications (Cont . ) 
.; 
............... Input to SRB Range Safety Integrated Receiver /Decoder (IRD) 
2 
........................................ Input to SRM Nozzle (LSC) and FCDC 
--- 
. 
.................................. . Input t the ETISRB Ranp? Safety Antenna 
................................ Input to the ET ISRB Range S ~ f e t y  Et~tter ies .  
-- 
Input to the ET !SRB Range Safety Couplers, Receiver, and Decoder.. ........ 
--
.................... I;lput to ihe ET 'SRB Range Safety Sdfe and Arrr Device.. 
--- 
.......................................... Inpdt to the STiSRB NSI De ton t~ t~v  
.......................................... . Input to ?he ET ISRE) 7DF asernbly 
--- 
.............................................. Input to ET /SRB CDF hlanifold 
............ 1 1 1 ~ u t  to ET ISRB Range Safety integrated F.eceiver /Decoder ( I R D )  
----- 
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A. Vibration Specifications 
B . Shock Specifications 
C . Acoustic Specifications 
D . Specifications for Specific Components 
ORIGiNAL PAGE IS 
OF POOR QUALITY 
SECTION I .  EXTERNAL TANK ZONES 
STATION X, 
S U B Z O N E  5 - 3  
A NCSF C A P  322 .5  
- - - - 
-- - 3 7 1  
SL'BZONE 5 -2  
F W D  O G I V F  
- -  - - - - - -  
- 536.7 
ZONE 4 
Lo2 C Y L I N D E R  
/--- - - 
------ 
-1 
S U B Z O N E  3 - 5  
-i.FT LO, BC'LKH--.AD 
S C B Z O S E  3 - 3 .  
SL'BZO.\;F 3 - 2 .  
S U B Z O N E  3 - 1 .  
- -  J 
P A N F L S  6 . 7 ,  & 8  
P A N F L S  4 & 5  
P.49Fi-S I ,  2 ,  & 3  
S U B Z O N E  3 - 4  
- - - - - - - -  FLVD LH, CY LISCER BULKHEAD 
-- - - - -- -- -- - - - -- - 
a
1130 
SYSZOXE 2 - 4  SCBZONE 2 - 3  
F W D  LHI CYLINCER FN'D LH2 CY L I S D E R  
( C C I B C . 4 2 2 )  (INRO-IR 73) 
---  -- - - ---- - -  - : 624  
S U S Z C S Z  2-2 S U B Z O N E  2 -  1 
A C T  LH, CYLINDFR .AFT LH, i : 'LINDEZ 
(OCTR0.42 C) (!NBOXS DI 
--- - -   - - -  - - - - 
-2058  
Figure 3-1  
a> SECTION 11. VIBRATION SPECJrICATIONS 
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20  l l z  : !  0 .  (;;f; g- I I L  20  I lz  ' , I  o.o;{b x.-!Il/ 
j - 1 ' 1 )  !I /  .! r 9  t l l i  ' O C ~  0 1:;O l I /  I,! + ( i . ( l l <  , o ~ t  
) ) 
1 1 1 )  300 l i ~  12. .50 g - : I l ~  I'iO 340 Ilz .! .!)I)  g-,,Il/ 
300 21100 [ I /  ( ( 1  :; ;OC? { 111 I:il1 i l z  t ti ( 1 1 :  oc't 
ORIGINAL PACE IS 
1- 1-A (Cont . ) OF POCR GL;.: "'- 
3. Boost Random Vibration Criteria ( 2  minlaxis) 
Direction A Directions B and C 
Composite = 85 .0  g 
r m  s 
4. Vehicle Dynamics Criteria 
Longitudinal Axis  
2 - 5 Hz @ 0 . 6  G ' s  peak* 
5  - 40 Hz @ 0 . 6  G's peak 
Composite = 68 .4  g rm s 
Lateral Axes 
2 - 5  Hz @ 0 . 8  G ' s  peak* 
5 - 40 H z  @ 0 . 8  G's peak 
5.  Shock Test Criteria ( 2  shocksl~i  :is) 
See Table I 
Direction A - Perpendicular to Bulkhead 
Direction B - Tangential to Bulkhead 
Direction C - Tangential to Bulkhetd. Perpendicular to Direction I3 
* Design Criteria Only 
" *  ; r f  f / . . , 4;i.i *.--. -u* .?- 
.-. - -. . 
. . . - >,.^-._-..-+. .-:.. . . - -  - - -  ' .  .I 
ORIGINAL PAGE jg 
OF POOR QUALIM 
Subzone 1-1-B :nput to Components Mounted on the ET LH2 Aft 
Bulkhead Gores. Weight of Components 1 8 but < 25 lb. 
- 
t 
I 1. Accepti~nce Test C riteria ( 1 min /iixis) 
\ Direction A Uirections R and C 
.i 
2. I,if't-of!' Random Vit~rtttion Criteria (1 min/nxis) 
, 
t 1)ircction A Ilircctions B and C 
Coriipositc - 70. 9 g 
rms 
1,uost Randonl Vibratian Criteria 
Composite = 39.. 
- rms 
Directions B and C 
2 72 - 300 £12 @ 4 . 5  g /£?z 88 - 1000 Hz @ 1 .5  g 2 / ~ z  
300 - 2000 Ilz Ca - 3 d B  loct 1000 - 2000' Hz @ - 3  dB Ioct 
2 2000 I1z @ 0 . 7  g /Hz 2000 H Z  @ 0 . 7 5  g 2 / ~ z  
Composite = 4 9 . 5  grins i t  I 
if i 
"1 
l - l -B (Cont . ) 
4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - S Hz @ 0.6 G t s  peak* 2 - 5 Hz @ 0 . 8 G t s  peak* 
5 - 40 Hz @ 0.6 G t s  peak 5 - 40 Hz Cd 0.8 G's peak 
5. Shock Test Criteria ( 2  shocks/axis) 
See Table I 
Direction A - Perpendicular to Bulkhead 
Direction B - Tangential to Bulkhead 
Direction C - Tangential to Bulkhead, Perpendicular to Direction B 
* Design Criteria Only 
. t 




.- Bulkhead Gores. Weight of Compone~lt 25 but < 75 lb. 
- 
1. Acceptance Test Criteria ( 1 min laxis) 
Direction A Directions B and C 
70 - 300 H z  @ 0 . 7 8  g2 /Hz  65 - 340 Hz @ 0 . 1 8  g 2 1 ~ z  
300 - 2000 H z  @ - 3  dB1oct 340 - 430 :lz @ +6 dB Ioct 
2000 Hz B 0 . 1 2  g2/llz 430 - 1000 Hz 8 0 . 2 9  g2/Hz 
1090 - 2000 Hz 4 - 3  dB Ioct 
2 2000 Hz @ 0 . 1 4  g /Hz 
Composite - -  25.2  gyms Composite = 20 .9  g 
rnls 
2. Lift-off Random Vibration Criteria ( 1 nlin /axis) 
Direction A Directions i3 and C 
2 9 2000 Ilz id 0.17 g /Hz 430 - 1000 Ifz @ 1 . 1 5  g"/Ilz 
1000 - 2000 Iiz B - 3  dB/oct 
Cornposltc = 5 0 . 4  g 
r m  s 
3. Hoost Kilndo111 Vil,lni~tion C'rltcri;~ ( 2 min / i i ~ i s )  
.) '1 49 - 300 I l z  @ 2 . 2  gU/llz 60 - I000 Iiz 0.75 g - / l l ~  
300 - 2000 ilz @ - 3  tlU/oct 1000 - 2000 Hi! (a! - 3 dl3 /act 
URIGINAL PAGE 1s 
OF POOR Q U A L I ~  
1- l-C (Cont . ) 
4. Vehicle Dynamics Criteria 
Longitudinal A d s  
2 - 5 Hz @ 0.6 G I s  peak* 
5 - 40 Hz @ 0.6 G I s  peak 
Lateral Axes 
2 - 5 Hz @ 0.8 G 1 s  peak* 
5 - 40 Hz 8 0.8 G's peak 
5. Shock Test Criteria ( 2  shocks/axis) 
See Table I 
Direction A - Perpendicular to Bulkhead 
Direction B - Tangential to Bulkhead 
Direction C - Tangential to Bulkhead, Perpendicular to Direction B 
* Design Criteria Only 
Subzone 1-1-D I n p u t  t o  LH2 Exte rna l  Feedline,  LH2 Recirculation Line 
a n d  LH2 In te rna l  Bellows at t h e  Aft LH2 Done  Gcre.  
.. . 
1. Acceptance T s t  Cr i t e r i a  ( 1  minlaxis)  
Direction A Directions B a n d  C 
j p  
2 50 - 300 Hz @ 0.16 g /Hz 29 - 340 Hz @ 0.038 g 2 / ~ z  
300 - 2000 Hz @ -3 dB/r;ct 240 - 430 Hz @ +6 dB Ioct 
Composite = 11.6 grms Composite = 9.5 grms 
2. Lift-off Random Vibration Cri?eria ( 1 min / ax i s )  
Direction A Directions B a n d  C 
50 - 300 Hz @ 0.63 g 2 / ~ z  29 - 340 Hz @ 0.15 g 2 / ~ z  
300 - 2000 Hz @ -3 dB10ct 340 - 430 Hz @ +6 d B  Ioct 
Composite + 22.9 grrns Composite = 19.0 g 
rms 
3. B o ~ s t  Random Vibra:ion Cr i t e r i a  ( ?  minlaxis)  
Direction A Directions B and C 
20 H Z  0.2 g 2 / ~ Z  20 Hz @ 0.075 g 2 / ~ z  
2 0 -  4 0 H z  @ + 3 d B / o c t  20 - 40 Hz @ +3 dB Ioct 
40 - 300 Hz @ 0.4 g2 /Hz  40 - 1006 Hz @ 0.15 g 2 / ~ z  
300 - 2000 Hz @ - 3  d B  Ioct 1000 - 2300 Hz Ca - 3  dB Ioct 
Composite = 18.4 grms Composite = 15.8 g rms 
, 4.  Vehicle Dynamics Criteria 
Longitudinal A xis Lateral Axes 
2 - 5 Hz @ 0.6 G I s  peak* 2 - 5 H z  B 0.8 G 1 s  peak* 
5 - 40 Hz @ 0.6 Cfs peak 5 - 40 H z  @ 0.8 G 1 s  peak 
5. Shock Test Criteria ( 2  shocks/ardss 
See Table I 
Direction A - Perpendicular to Bulkhead 
Direction B - Tangential to Bulkhead 
Direction C - Tangentirl to Bulkhead, Perpendicul~~ to Direction B 
* Design Criteria Only 
S;I I~IC i t s  S u b z o n c  I -2-A I I C I U W .  
OFilGlNAb PAGE Is 
OF POOR QUALlW 
.;, S u b z o ~ i c  1-2-A - -  Input to C o ~ n l ) o ~ i c n t s  Illoul~tctl  on t i l e  ET J,tI, A f t  .+ - .I 
13ulkhcr1d CiIl) i111tl ill:~nholc COVCI* P l :~ t c s .  Weight of' 
O ~ I I I ~ O I I C I I ~  .: 5f; Ib s .  
21) l l z  0 0.032 y Z / l l z  20 IIz 0 0.029 g 2 //Hz 
2 - 110 1 1 ~  (4 +!I ( lH/oc t  20 - 130 I lz  (;! +ti tili /act 
. , I 10 - aoe 112 i! 5.20 g 2 / ~ z  130 - 340 I I Z  a 1.20 g 2 / I I Z  
:I00 - 2I!OO Ilx (? - 3 (113 /act 3.11) - -130 l lz  @ +E dI3/0ct 
I 
. , .) 
. !  21)OO l lz  6' 0.78  g ' / l lz  430 - 1000 l l z  O 1.90  g2/11z 
: ' 
. I  I000 - 2000 11z !<I - 3 (113 /oc t  
*) 
PO I lz  0.11 g"/IIx 2 PO IIz ((! 0.035 g / t i z  
2~ -- I o n  112 +6 /o(!t 20 -- 9b I ~ Z  (G 1-6 t i u / o c t  
'> 
2000 112 &) 0. r)2G g - / I l z  2 9liO - 1000 l iz  @ 0. 1 4  g /11z 
1000 - 2000 Iiz 3 -6 dB i oc t  
2 2000 Ilz (! 0. 035 g iI1z 
i 4. Vehicle Dy:iamics Criteris. 
Longitudinal Axis Lateral Axes 
\ 
2 - 5 Hz @ 0.6 G's peak* 2 - 5 Hz @ 0.8 GIs  peak* 
- 1 5 - 40 H z  (Q P.6 G I s  peak 5 - 40 Hz 0 0.8 G I s  peak 
. ii 
i 5. Shock Test Criteria ( 2  sh~cks /ax i s )  
1 
I f See Table I 
Direction A -- Perpendicular to Bulkhead 
Direction B - Tangentid to Bulkhead 
Direction C - Tangential to Bulkhead, Perpecdicular to Direction B 
* Design Crit2ria Only 
S O ~ L U I ) C  1 - 2  13 11~>i1t . . - .-- to Components hlountcd on the  ET LH2 Aft Bulk- 
head Citlj and hliinhole r o v e r  Plates. \Vcight of Com- 
ponents 2 50 but .: 150 lb. 
i I 
.\ i ; - \ ~ c < ? l ) t i i r ~ c ~  'rest Criteria ( 1 mi11 Iz~xis) 
- \ \  L)irccttion -4 Directions I3 iind C 
i Co~~~pc'sl .  ; = 22. (i g Composite = 18.8 g i 1.111 s rms 
. i 
! 2 I.i*'t-oft' U:ultlcm Vil,r:ition C 1-itcri;~ ( , min Iiixis) 
- !  
- i 
? i)ilb::ctio:i .A Directions H i ~ n d  C 
Co~ilposite = 45.2 
'rnls Composite = 37.7 g r m  s 
I)il-cction A Directions B itnd C 
2000 Hz @ 0.018 g 2 / ~ z  
Co~nposite = 12.0 g 
rms 
ORIGINAL PAGE iS 
OF POOR QU- 
1-2-B (Cont . ) 
, r 4. Vehicle Dynamics Criteria 
Longitudinal Axis  Lateral Axes 
2 - 5 Hz @ 0.6 G's  peak* 2 - 5 Hz @ 0 . 8  GIs  peak* 
5 - 40 Hz @ 0.6 C's peak 5 - 40 Hz @ 0.8 GIs  peak 
! 5. Shock Test Criteria ( 2  shocks/alds) i 
4 See Table I 
i i Direction A - Perpendicular to Bulkhead 
8 
i Direction B - Tangential to Bulkhead 
- * 
.' i Direction C - Tangential to Bulkhead, Perpendicular to Direction B 
. :  
f 
. . * Design Criteria Only 
I I 
a . s  7 * .  : ' I  , ,' . .9Fi 1 7-: .t- ,,.r;--xur.:..+.~ ' H F + ~ ; * C . . ~ ~ W % W * T + ~  . .-,cr. ..?r . r  ./.* - - .  . 5+--. 3 . f 
1-2-C Input to Components Mounted on the ET LH2 Aft Bulkhead Cap 
and Manhole Cover Plates. Weight of Co1::ponent - > 150 but 
; 300 1b. 
. .  i . 1. Acceptance Test Criteria (1  mintaxis) 
- 1 -  I 
I 
I Direction A Directions B and C 
2000 Hz @ 0.060 g 2 ~ ~ z  
Composite = 16.3 g Composite = 13.5 ff r m s  O r m s  
i 
1 2. Lift-off Random Vibration Criteria ( 1 min laxis) 
- i 
Direction A Directions B and C 
Composite = 32.6 grms Cori~posite ST. 0 grnls 
3. Boost Random Vibration Critcria ( 2  minloxis) 
i Direction A Directions B and C 
Composite = 15.0 grins 
i 4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 Hz @ 0.6 G's peak* 2 - 5 Hz Q 0.8 G's peak* 
5 - 40 Hz @ 0.6 G's peak 5 - 40 Hz B 0.8 GIs peak 
5. Shock Test Criteria ( 2  shocks/axis) 
See Table I 
. i 
! 
- !  
Direction A - Perpendicular to Bulkhead 
r i  Direction B - Tangential to Bulkhead 
<-; I Direction C - Tar.gentia1 to Bulkhead, Perpendicular to Direction B 
- ,  
* Design Critelia Only 
.. , 
, - I r .  k 42 ,! . ?+. ;- . . '.I 
1 Subzone 1-2-D Input  totheLH2SiphonontheETLH2AftBulkhead Cap. Component w t = 3201. 
. 'r 
I 1. Acceptance Tes t  Criteria ( I  minlaxis) 
,!,. ! 
Direction A Directions B and C \ I  
? ,  
t 20 Hz 0.0080 g2/Hz 20 Hz J 0.0072 g 2 1 ~ z  
I 20 - 56 Hz @ t-9 dB10ct 20 - 48 Hz @ +6 dB loct 
56 - 300 Hz @ 0.18 g2lHz 48 - 340 Hz @ 0.040 g21Hz 
s .  
. . 
300 - 2000 Hz @ -3 d B  Ioct 340 - 430 Hz @ +6 dB Ioct 
21.00 Hz @ 0.027 g 2 / ~ z  430 - 1000 Hz @ 0.065 g2/Hz 
1000 - 2000 Hz @ - 3 dB Ioct 
. - 
,--8 . 2000 Hz @ 0.032 g2/Hz 
Composite = 12.0 gms Composite = 10.0 gmS 
: 2. Lift-off Random Vibration Criteria ( 1  minlaxis) 
t 
.- . Direction A Directions B and C 
! 56 - 300 H7 @ 0.70 g 2 1 ~ z  48 - 340 Hz @ 0.16 g2/Hz 
300 - 2000 Hz @ - 3 dB Ioct 340 - 430 Hz @ +6 dB Ioct 
. ! 
Composite = 24.1 grms Composite 20.0 grms 
3. Boost Random Vibration Criteria (2  minlaxis) 
Direction A Directions B and C 
1 
? 
I 20 H Z  @ 0.11 g 2 / ~ z  20 Hz @ 0.035 g 2 1 ~ z  
. ' 
I 20 - 36 Hz @ +6 dB1oct 20 - 33 Hz @ +6 dB Ioct 
ZOO0 Hz @ 0.0036 g2/Hz 260 - 1000 H e  @ 0.019 g 2 / ~ z  
1000 - 2008 Hz @ -6 dB Ioct 
Composite = 11.1 grms 
.r :_i 
1 
Composite = 6.4 grms 
.*$ ;( I-2-D (Cont. ) 
i 4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 Hz 6l 0.6 G t s  peak* 2 - 5 Hz @ 0.8 G's peak* 
5 - 40 Hz Q 0.6 G's peak 5 - 40 Hz @ 0.8 G's peak 
5. Shock Test Criteria ( 2  shocks/axis) 
See Table I 
Direction A - Perpendicular to Bulkhead 
Direction B - Tangential to Bulkhead 
Qirection B - Tangential to Bulkhead, Perpendicular to Direction B 
* Desiy~r Criteria Only 
' /' 7 .. 
' - I 0  , i,' 
* -.LY / I " 
, . - , *.....+ ,.-.. **. , . .-,.,s.,-w-w-.. F:*,w,,G.*g.+.Jpqu I.r ~ l "  , . . -  y- .. ,' 
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ET I,II2 Cylindcr 
Subzone 2-1 ET I.t12 Cylinder, Aft Section (Stiitions X 2058 to t 
X lG24) ,  Inboard liillf ( + Z  Axis ?90°). (General V t i ? .  3 4  
4 -! Spccificutions) 
, / !  l.t 
St.me a s  Subzone 2-1- 1-A below. s i i 
Subzonc 2-1-1 Baffles and Stiffened Skin on the E'l' I.1l2 Cylinder, 
Aft Section (Stations S 2058 to S t  1 6 2 4 ) .  Inboi~rd t 
S;ilnc ;is Subzone 2- 1- 1-A below. 
. -' 
m Subzone 2--1-1-A Input t3 Cornporiellts nlounted on baffles ; t ~ d  stii'feneil 
skin or1 the IA1l., C y I i n d c ~ ~ ,  Aft Section (S.,. 2058 to X t  
- I 
1 6 2 4 ) .  Inboilrd liitll' (+Z _ + 9 0 ° ) ,  and not within +lo0 = ! 
- 
of the GO,  Piacss. I,inc/Citble 'l'riiy instal1:ition. Weight 2 . -  
of' conlponent ; 15 111. 
b Ri~dial Axis Long. ilnd Tang. Axes 
2.  l i f t -of f  lialltionl Vil>r;~tion Criteria ( 1 min /iixis) 
Riidii~l A xis 1,ong. and T;ing. Axes 
Composite = 41.1 g r n l  s Composite = 19* g1*,,1s 
I 2- 1- 1-A (Cont . ) 
3. Boost Random Vibration Criteria ( 2  minlaxis) 
r i 
.' I Radial A d s  Long. and Tang. Axes 
2000 Hz @ 0.47 g 2 ! ~ z  
Composite = 57.3 grms Composite = 26 .1  g 
rms 
j 4. Vehicle Dynamics Criteria i 
f Lofigitudinal Axis  Lateral Axes 
5 
. P 
r 2 - 5 1-42 @ 0.6 G's peak* 2 - 5 Hz  @ 0.8 GIs peak* 
f 
: 5 - 40 Hz @ 0.6 G I s  peak 5 - 40 H z  @ 0.8 G I s  peak 
' '. ! 5.  Shock Test Criteria ( 2  shockslads) 
- b  t 
' a  See Table I 
I 
* Design Criteria Only 
. . 
x: 
' $  ; 
j 
I Subzonc  2- 1-1-B 
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Input t o  Components mounted on btiff'lcs a n d  s t i f fened 
skin  on t h e  IAH2 Cyl inder .  Aft Scction (XT 2058 t o  
X T  16241, Inbocird Half (+% t90O). iind not within ?lo0 
of t h e  GO2 Press .  I,ine/Citblc Trily instiillation. Weight 
of Component :. 15 b u t  < 45 l b .  
- 
k 
' , 1. Acceptance T e s t  C r i t e r i i ~  ( 1  nlin/axis) 
, 
Riidial Axis Long. and  Tung .  Axes 
E > 20 Hz @ 0.045 p 2 / ~ z  20 H Z  @ 0.011 g 2 / ~ z  
20 - 30 Ifz Q +6 d B  /act 20 - 78 IIz @ + 4  dI l /oc t  
30 - 56 ilz O 0.10 g2/t1z 78 - 700 liz @ 0.063 g 2 /Hz 
..-,- 56 - 34 Hz @ + 1 2 d B / o c t  700 - 2000 Ilz @ -3 dH /act 
w 2 84 - 400 H Z  @ 0.50 g /IJz 2OUU Ilz N 0.022 g 2 / : ~ z  
400 - 2000 H Z  @ -4 dB / O C ~  
Composite = 9.3 g 
r n l  s 
2. 1,it't-off Rtindom Vibration Cri ter ia  ( 1 min /ilxis) 
Radial Axis 1,ong. and  T a n g .  Axes 
2 30 - 47 1ix (40.15 g /Hz 2 78 - 400 Hz Cd 0.050 g /Hz 
4'7 - 76 Ilz 4 +I2  tlH/oct 400 - 700 Hz @ +6  dl3 /act 
2 76 - 400 ilz C! 1.0 g /Ifz 2 700 - 1000 :lz @ 0.15 g /Hz 
400 - 2000 ilz Q -4 dl3 /act 1000 - 2000 Ilz @ -3 dR /act 
2 2000 Hz C! 0.12 g /IIz 2000 Ilz @ 0.075 g2/l4z 
Cun~posi tc  - 28. 7 g 
rni s Conlpositc = 14.0 g r m s  
3. Boost Iiilndonl Vibration C r i t c ~ i : ~  ( 2 n~ir,  '.!xis) 
lttidial A xis 
., 
1,ong. and  T;ing. A x e s  
. . 
, ! 
i 20 Hz @ 0.18 g 2 / ~ z  20 Hz @ 0.042 g 2 / ~ z  
7 20 - 30 Ilz @ +G dB/oc t  20 - 78 Hz @ +4 d B / o c t  
Composite = 18.6 g 
rms 
4. Vehicle Dynamics Criteria 
Longitudinal. Ax i s  Lateral A x e s  
2 - 5 Hz @ 0.6 G's peak* 2 - 5 Hz @ 0.8  GIs  peak* 
5 - 40 Hz @ 0.6 GIs  peak 5 - 40 Hz @ 0.8 G I s  peak 
5.  Shock Test Criteria ( 2  shockslaxis) 
See Table I 
* Design Criteria Only 
C 1 ' e ,  , '.!T / = .  
-+ , . , , r " L "  L. . . . . I . . . . . -.,..**: +.2n7-&. -- ww-r..* ,* *- . - .I.- --..- ., . ..,., .- ., . .- .,* ,- *. , ' /  .& . . . # ,  .- -4.. L A - *  .; 
Subzone 2-1-1-C I n p u t  t o  Components mounted o n  baff les  and s t i f fened 
s k i n  o n  t h e  IAH2 Cyl:nder,  Aft Section (XT 2058 to 
I 
I XT 16241, Inboard Half (tZ +90°), a n d  not  within 2100 
of t h e  GO2 Press .  IAine/Cable T r a y  i n s t x a t i o n .  Weight 
~:. 4 
; I  
. , of Component 2 45 lb .  
I ,  
* .  
\ ,  
., 1. Acceptance T e s t  Cr i t e r i a  (1 n? in /a~r j .~ )  I 
Radial Axis I.ong. a n d  T a n g .  Axes  + , .  . 
Composite = i4 .5  g Co~nposi te  = 6.5 grms 
rm s 
Lift-off Random Vibration Cr i t e r i a  ( 1  niin/axis)  
Rcdial Axis Long. a n d  T a n g .  Axes 
20 H Z  @ 0.067 g 2 ~ ~ i ~  20 r i ~  B 0.00084 g 2 / ~ ~  
20 - 30 Hz @ +6 dB/oc t  20 - 62 Iiz @ +9 dB /oct 
30 - 47 H z  @ 0. 15 g 2 1 ~ z  62 - 400 Hz C! 0.025 g 2 i ~ z  
4 7 -  6 4 H z 8 + 1 2 d B / o c t  400 - 700 liz @ +G d B  loct  
2 6 - 400 Hz @ 0.5 g 111z 2 700 - 1000 112 k! 0.075 g /lIz 
400 - 2000 Ilz @ -4 dH/oc t  1000 - 2000 riz ic! - 3  (13 loct  
3 
2000 liz @ 0.06 g-I l iz  2 3000 112 k! 0.038 g /Iiz 
Boost Random Vil,r;~tioll C r i t e l i ; ~  ( 2  nlin1:ixis) 
Rtlditll Axis 1,ong. iclld 'I':ing. A s c s  
2 ') 20 Ilz @ 0. 18 g Iliz 20 11z (0 0.042 g-111% 
20 - 30 Ilz @ + G  tlH/oct 20 44 llz (0 +4 (113 Ioct 
2 '1 30 - 56 HZ @ 0 . 4  g 1 1 1 ~  4 4  - 700 112 (11 0 . 1 2  g- l l l z  
56 - 71 IIz @ + I 2  (IlJloct TO0 - 2000 IIz k! - 3  dU Ioct 
ORIGINAL PAGE IS 
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4.  Vehicle Dynamics Criteria 
I 
: 1 Longitudinal , A d s  Lateral Axes 
- 4 
. , 2 - 5 Hz 0 0 . 6  G 1 s  peak* 2 - 5 Hz @ 0 . 8  G's peak* 
5 - 40 Hz @ 0 .6  G 1 s  peak 5 - 40 Hz @ 0 . 8  G 1 s  peak 
i 
i f 
5. Shock Test Criteria ( 2  shockslaxis) 
See Table I 
* Design Criteria Oilly 
Subzone 2- 1- 1-AP Input to Components mounted on baffles and stiffened 
skin on the LH2 Cylinder, Aft Section (XT 2058 - XT 
1624). - Inboard Half (+Z = r.?d wlrhfn .- -flOO of the GO2 
Press. LineJCable Tray Inat&;iation. Weight of Com- 
ponent < 15 1b. 
1. Acceptance Test Criteria (1 min/axie) 
Radial Ax i s  Long. and Tang. Axes 
Composite = 28.7 grms Composite = 13.9 grms 
; 
2. Lift-off Random Vibration Criteria (1 min/axis) 
Radial Axis  
, 
Long. and Tang. Axes 
Composite = g ~ - m s  Composite = 19.7 grms 
3. Boost Random Vibration Criteria ( 2  min/axis) 
rl , 
/ 
Radial Axis  Long. and Tang. Axes 
Composite = 57.3 grms Composite = 27.7 grms 
I .  Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 Hz @ 0.6 G's peak* 2 - 5 Hz @ 0.8 G's peak* 
5 - 40 Hz (P 0.6 G's peak 5 - 40 Hz B 0.8 G's peak 
5. Shock Test Criteria (2  shocks/axis) 
See Table I 
* Desig.1 Criteria Only 
- - -- 
skin on tile I.It., Cylitidcr, Aft S c v t i o ~ ~  ( S  21158 to S.. 
- *r I 
161'4). 1l1hi11.d 1l;tlf (+% ?'W0) ;1nc1 wittiill +lUO of  the: 
GO2 P r c s s .  i c 1 t 1 1 ~  I i s t l ; t t n  \\'ciglit of 3 3 ' 
. . Coniponerlt . 15 but - 45 11,. 4 
2. l ift-oft'  Rilnclolrl Vibrirtiorl C r i t c ~ i : ~  ( I n~irl:';~si-,) 
It;tcIi;11 A xis I A J ~ I K .  :111(1 ' ~ ~ I I I ! : .  .\XC> 
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2-1-1-BP (Cant.) 
3. Boost Random Vibration Criteria (2  mintaxis) 
Radial Axis Long. and Tang. Axes 
30 - 56 H z  @ 0.4 g21Hz 84 - 140 Hz @ 0.25 g 2 / ~ z  
56 - 84 Hz Q +12 dB/oct 140 - 200 Hz @ +4 dB loct 
84 - 400 Hz @ 2.0 g 2 / ~ z  200 - 250 H z  @ 0.4 g 2 ; ~ z  
400 - 2000 Hz 8 -4 dB /oct 250 - 400 Hz @ -3 d B  Ioct 
2005 Hz @ 0.23 g 2 / ~ z  400 - 800 Hz @ 0.25 g 2 / ~ z  
800 - 2000 Hz @ -3  dBIoct 
2000 Hz @ 0.1 g 2 / ~ ~  
Composite = 41.3 grms Composite = 19.8 g 
rms 
4. Vehicle Dynamics Criteria 
Longitudinal A d s  
2 -- 5 H z  @ 0.6 G's peak* 
5 - 40 Hz @ 0.6 G's  peak 
5. Shock Test Criteria ( 2  shocksiaxis) 
See Table I 
* Design Criteria Only 
Lateral Axes 
2 - 5 Hz @ 0.8 G's peak* 
5 - 10 Hz @ 0.8 G's peak 
! 
. i  Subzone 2- I- I-CP Input  - -  --- t o  Cunlpone~lts nwunted on baffles i ~ n d  stiffened 
sk in  o n  t h e  LH, Cyl inder ,  Aft Section (XT 2058 t o  
- 
to S.. 1624). Inboard 1i;rlt' (+Z ?90°), i ~ n d  within 21U0 1 -- 
of t hc G O ,  Press .  I.ine/Cirbic Triry Inst;~ll;ttion. 
. 
\\'ciglit ul' Coallwacnt 45 11). bu t  = 100 lb. 
-3 -> 
20 :lz ki 0.045 g- / l i z  20 112 @ 0.0093 g-/Hz 
3 1  - :10 112 kt +G tlH /cxt 20 - 48 11z @ +4 dli loct  
1 
-1 3 
30 - 56 iiz k! 0.10 g-/IIz 48 - 140 Iiz @ 0.03 g - / l i ~  
56 - 71 IIz I c t+ lLdH/wt  1.10 - 200 llz id +4 d13loct 
Conlpovite = 7.0 g 
r m s  
lt;tcIi:11 .\xis I.ong. and T i ~ n g .  Axes 
Composite = 9.9 p r m  s 
2-1-1-CP (Cont.) 
3. Boost Raildom Vibration Criteria ( 2  minlaxis) 
Radial Axis Long. and Tang. Axes 
2 i ? M O  Hz @ 0.12 g /Hz 400 - 800 Hz & 0.12 g2/Hz 
800 - 2000 Hz @ -3 dB loct 
2000 Hz @ 0.044 g 2 / ~ ~  
Cog ~ o s i t e  = 28.9 grms Composite = 13.9 grms 
4. Vr.".icle D:, namics Criteria 
Long. tudirral A d s  Lateral Axes 
2 - Li Hz ? 0 . 6  G's peak* 2 - 5 H z  @ 0.8 G's peak* 
5 - 40 Hz 4 0.6  C's peak 5 - 40 H z  @ 0 . 8  G's peak 
5.  Shock Test Criteria ( 2  sh~cks j ' i tx i~ )  
Set! Tatle I 
* Design CI tc!*ia Only 
Subzone 2-1-1-DP - Input - to Components mounted or1 baffles and stiffened 
skin on the LH2 Cylinder. -4t't Section (XT  2058 to 
XT 1624), Inbotvd Half (+2 _+90°) end within -- 210" of 
the GO2 Press. LinelCable Tray installation Weight of 
Conlponent - ', 100 lb. 
1 Acceptance Test Criteria ( 1  minlaxis) 
Radial Axis Long. and Tang. Axes 
20 Hz @ 0.045 g i l ~ z  20 Hz @ 0.0093 g 2 1 ~ z  
20 - 30 Hz @ +6 d3 Ioct 20 - 29 112 @ +4 dR1oct 
Coniposite = 10.5 g 
r m  s 
Composite = 4. 9 g,,,,ls 
2. Lift-off Ritndoni Vibration Criteria ( 1  n1ini:txis) 
Radial Axis Long. and Tang. Axes 
30 - 47 Hz 0 0 . 1 5  g2!f~z 50 - 400 Hz @ 0.013 g2/llz 
47 - 54 Iiz 4 +12 d B  10ct 400 - 700 H z  B +6 dB /act 
.I 
54 - 400 112 CJ 0.35 g'/IIz 700 - lU0U Ilr B 0.038 g"lllz 
400 - 2000 tlz @ - 4  dU /oct 1000 - 2000 112 (3 -3  dB /act 
2000 llz 8 0.03 g ' l ~ n  YO00 Hz B 0.019 p 2 / ~ l r  
2- 1- 1-DP (Cont . ) 
3. Boost Random Vibration Criteria ( 2  mintaxis) 
Radial A d s  Long. and Tang. Axes 
Composite = 21.0 gms Composite = 9.8 grms 
4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 Hz @ 0.6 G's peak* 2 - 5 H z  @ 0.8 G's peak* 
5 - 40 Hz @ 0.6 G's peak 5 - 40 Hz @ 0.8 G's peak 
5. Shock Test Criteria (2  shockslaxis) 
See Table I 
* Design Criteria Only 
Subzone 2- 1- 2 Structural Ring at Station XT 1871 in the ET I.H2 
Cylinder, Inboard Half (+Z A d s  ?90°). (General 
Specifications) . 
Same n s  Subzone 2-1-2-A below. 
Subzone 2-1-2-A Input to Components mounted on the Structural Ring 
XT 1871, Inboard side (+Z 290°), and not --- within ?lo0 
of the GO2 Press. LineICable Tray ~ n z ~ a t i o n .  
tleight of Component < 75 lb. 
1. Acceptance T :st Criteria ( 1 mintaxis) 
Radial A d s  Long. and Tang. Axes 
Composite = 11 grms Composite = 14.6 grms 
2. Lift-off Random Vibration Criteria ( 1 min /axis) 
Radial Axis Long. and Tang. Axes 
Composite = 19.5 grms Composite = 27.6 g rms 
3. Boost Random Vibration Criteria (2 miniaxis) 
ixadial A d s  Long. and Tang. Axes 
Composite = 21.9 grms Composite = 29.2 g 
rms 
4. Vehicle Dynamics Criteria 
Longitudinal A x i s  Lateral Axes 
2 - 5 H z  Q 0.6 G 1 s  peak* 2 - 5 Hz @ 0.8 G 1 s  peak* 
5 - 40 Hz @ 0 . 6  G 1 s  peak 5 - 40 H z  @ 0.8 G 1 s  psak 
5 .  Sho2k Test Criteria ( 2  shocks/t.xis) 
See Table I 
* Design Criteria Only 
Subzone 2-1-2-B 
- Inpu t  -- -- t o  Coml~onc~nts  rnour~ted on t l ic S t r u c t ~ ~ r : l l  King 
X 1871,  Inboard s ide  (+Z +9U0), and not within +l(io T 
of' t h e  <;02 P r e s s .  l iric/Cablc T r i ~ y  Ins t i~l l i i t ior~.  
Weight of C'umponcl~t 75 lb.  
1. Acceptaricc T c s t  Cr i t e r i a  ( 1 11iin /:txis) 
Riidiiil A xis  I ,o~lg .  :tnd ' r ang .  Axcs  
.) 20 tlz Cl 0.014 g n / l l z  2 20 (-12 Cd 0 .016  g 1112 
20 -. 54 Hz Cl +4 d13/oct 20 -- 140 llz Cd +2 dB /act 
Conipositc = 7 .  H g 
r n i  s 
C o l ~ ~ l ~ o s i t e  = 10.2 E'rlll s 
2. Lift-off l inndon~ Vibration Cr i t e r i a  ( 1 ~niu/: txis)  
Riidiiil A xis 1.01lg. iilid T i ~ l l g .  A xcs 
Conipositc - 14.1 g Coml)ositc - 1'3.7 g 
rn~s rnis 
Radial Axis 1.ong. i111d 'I':lng. Axes 
2 *) 
:, I 2000 Ilz @ 0.0:15 g /Ilz 2000 I l x  b! 0 .  16 g-/I lz 
Composite = 15.6 g C o ~ l ~ p o s i t c  =; 20. 4 g 
rnis 1.111 s 
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, ! 
$ : Longitudinal Axis 
1 
i 4. Vehicle Dynamics Criteria 
Lateral Axes 
. , , L
. f 
2 - 5 H z  O 0.6 G's peak* 2 - 5 H z  @ 0.8 G's peak* 
.. 5 - 40 Hz O 0.6 G's peak 5 - 40 Hz @ 0.8 C's peak 
. , 
I 5. Shock Test Criteria ( 2  shocks/ads) 




* Design Criteria Only 
- 8  L. i 
* '. 
' 
,$ Subzone 2-1-2-AP I ~ u t  -to components mounted on the struct:iral ring (XT 1871), Inboard side (+Z t90°) and within -- t l O O  of 
the GO2 Press. LineICable Trap 1r;stallation. Weight 
of Component < 75 lb. 
.: . 1. Acceptance Test Criteria (1  minlaxis) 
. . 
i Radial Axis Long. and Tang. Axes 
180 - 300 H z  @ 0.23 g 2 / ~ z  300 - 1000 H z  @ 0.2 g 2 / ~ z  
300 - 350 H Z  @ - 12 dB 10ct 1000 - 2000 H Z  @ -2  dB / O C ~  
350 - 1000 H z  @ 0.13 g 2 / ~ z  2000 H Z  @ 0.13 g 2 / ~ z  
1000 - 2000 Hz @ -6 dB 1 0 ~ t  
Composite = 13.9 grms Composite = 18.1 grms 
2. Lift-off Random Vibration Criteria ( 1  minlaxis) 
Radial Axis Long. and Tang. Axes 
Composite = 19.5 g Composite = 27.6 grms 
rm s 
3. Boost Handom Vibration Criteria ( 2  minlaxis) 
Radial Axis Long. and Tang. Axes 
2- 1-2-AP (Cont . ) 
4. Vehicle Dynamics Cr;*.;;;:l,:~.t 
Longitudinal A x i s  Lateral Axis 
2 - 5 Hz @ 0.6 G f s  peak* 
5 - 40 Hz @ 0 . 6  G f s  peak 
Shock Test Criteria ( 2  shocksilaxis) 
See Table I 
* Design Criteria Only 
2 - 5 H z  8 0 . 8  G f s  peak* 
5 - 40 Hz @ 0 . 8  G f s  peak 
f /  
' * l,f ,. . ? L ,  * - .  * . -  . , * ', , * .  ... . * . ' . . ' .A y' ,!:I[", . :  r ' ' +f 4 
,( . '  
I 
.(, ' '- 1 
\ 
Subzone 2-1-2 BP Input to components mounted on the structural ring 
, . e  
I 
( X T  1871), Inboard side (+Z f90°) and within -t l O O  
i 
I 
of the GO2 Press. LinelCable Tray Installatisn. 
i \ Weight of Component - > 75 Ib. but < 225 lb. 
* ' t : j 
. i 1. Acceptance Test Criteria ( I  minlaxis) J 
i i 1 ' A  
I Radial A d s  Long. and Tang. Axes 4 ! 
i 
' ,  
20 HZ B 0.01 g 2 / ~ z  20 H Z  B 0.022 g 2 / ~ ~  
20 - 130 Hz @ +4 dB Ioct 20 - 210 Hz Cd +2 dBIoct 
.' 
A 
. > I 2 2 ' 130 - 300 Hz @ 0.11 g /Hz 210 - 1000 Hz @ 0.1 g /Hz - , 
: '  
300 - 350 Hz @ -12 dB1oct 1000 - 2000 Hz @ -2 dBIoct 
350 - 1000 HZ Ca 0.06 g 2 / ~ ~  2000 HZ @ 0.033 g 2 / ~ ~  i s  
1000 - 2000 Hz Cd -6 dB!oct 
, - 
. • i 
-. 
2000 H E  B 0.016 g2 /Hz  . 1 
i 
. !  Composite = 10.2 grms Cotnposite = 12.9 grms ! 
2. Lift-off Random Vib~ation Criteria ( 1 minlaxis) 
,- 
Radial Axis Long. and Tang. Axes 
2 20 Iiz C d.015 g /Hz 20 Hz B 0.020 g 2 1 ~ z  
20 - 100 !iz @ +4 dE /act 20 - 1100 Hz 4 +2 dB/oct 
Composite = 14. grms 
Boost Random Vibration Critcris ( 2  minloxis) 
Composite = 19.7 grms 
Radial A d s  Long. and Tang. Axes 
Composite = 20.4 grms composite r- 25.8 grms 
b I 4. Vehicle Dynamics Criteria 
l Longitudinal Axis Lateral Axes 
'\ . ! 
. . 
2 - 5 Hz B 0.6 G's peak* 2 - 5 Hz @ 0 . 8  G's peak* 
, , 5 - 40 Hz B 0.6 GIs  peak 5 - 4G Hz @ 0 . 8  G I s  peak 
L 
5. Shock Test Criteria ( 2  shocks/ards) 
See Table I 
* Design Criteria Only 
, 
' Subzone 2-1-2-CP Input to  components mounted on the structural Ring 
.f 1 (XT 1871). 1.1board side (+Z 290°) and within -+lo0 
1 
I of the GO2 Press. LineICable Tray Installation. 
Weight of Component - > 225 lb. 
?' 
:~ - \ 
1. Acceptance Test Criteria (1  miniaxis) 
i 
i I Radial A x i s  Long. and Tang. Axes 
, i 
Composite = 7.1 gms Composite = 9.6 grms 
2. Lift-off Random Vibration Criteria ( 1 min /axis) 
Radial A x i s  Long. and Tang. Axes 
Composit = 10.1 grms Composite = 15.0 g 
r m s  
3. Boost Random Vibration Criteria ( 2  minlaxis) 
Radial A x i s  Long. and Tang. Axes 
Composite = 14.2 g ~ m s  
2 2000 Hz C. 0.13 g /Hz 
Composite = 19.2 grms 
i4 2- 1-2-CP (Cont . ) 
4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 Hz @ 0.6 G 1 s  peak* 2 - 5 Hz Q 0.8 G1s peak* 
5 - 40 Hz @ 0.6 G's peak 5 - 40 Hz 8 0.8 G 1 s  peak 
5. Shock Test Criteria ( 2  shockslaxis) 
I See Table I 
* Design Criteria Only 
I /  
arvlr ma- 
Subzone 2- 1- 3 Structural Ring at Station XT 2058 in the ET LH2 
Cylinder, I n h u r d  Half (+Z Axis +_go0). (General 
Specifications ) 
Same as Suhzorle 2- 1- 3-A below. 
Subzone 2-1-3-A I t~put  to components mounted on the structural Ring 
-z XT 2058, Inboard side (+% t9Oo) and not within 
-- 
?lo0 of GO2 Press. IinelCuble Tray Installation. 
Weight of Conrponent ., 100 lb. 
1. Acceptance Test Criteria ( 1 minluxis) 
Radial Axis I.ong. and Tilng. Axes 
- ,  
90 - 170 llz @ 0.U75 g2111z 2 200 - 1300 tlz @ 0.055 g /Hz 
170 - 340 I ~ z  @ - 3  dB / O C ~  !300 - 2000 Hz @ - 3  dB / o ~ t  
Composite = 8.1 grms Composite = 9.9 grms 
2. Lift-off Ri~ndorn Vibrntion Criteria ( 1  miniaxis) 
Radial Axis J,ong. and Tang. Axes 
2 120 - 1100 11.5 @ 0.13 g / H z  1100 - 1500 Hz B 0.27 g 2 ~ ~ z  
1 100 - 2000 147. ((_1 - G  Gi; ,'act 1500 - 2000 HZ @ -9 d B  / O C ~  
2000 ilr @ 0.039 gY / H Z  2 2000 Hz @ 0.11 g /lIz 
Conlposite = 14.1 grms Composite = 19.4 grms 
I 3. Boost landom Vibration Criteria ( 2  ininlaxis) 
f Rsdial Axis Long. and Tang .  A x e s  
Composite = 16.1 grms 
4. Vehicle Dynamics Criteria 
Longitudinal A I& Lateral A x e s  
2 - 5 Hz @ 0 . 0  G's peak* 2 - 5 Hz @ 0 . 8  G's peak* 
5 - 40 Hz @ 0 . 6  G's peak 5 - 40 Hz @ 0 . 8  G's peak 
5.  . Shock T e s t  Criteria ( 2 shocks  /axis)  
See Table I 
* Design Criteria Only 
- $  : 
Subzone 2- i -3 -B  I x u t  to components mounted on the  structural  Ring 
at  ~ 7 0 5 8 .  Inboard side ( + Z  ?90°) and - not within 
?LO0 of GO2 Press. LineICable Ttay ~ n s s l a t i o n .  
Weight of Component - :- 100 lb. 
1. Acceptrlnce Test Criteria ( 1  minlaxis) 
9 
Radial Axis Long. and Tang. Axes 
Conlpositc = 5.8 g Composite = 7. ? grms 
r m  s 
- 2.  Lift-off Kitndonl Vibriltion Criteria ( 1 min luxis) 
Itiidiiil Axis Long. and Tang. Axes 
Composite = 10.0 g Composite = 13.9 g 
rnls r m s  
3. Boost Random Vibration Criteria ( 2  minlaxis) 
Radial Axis Long. and Tang. Axes 
Composite = 11.5 g 
rms Composite = 14.1 gpms 
2- 1-3-B (Cont . ) 
4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 Hz @ 0.6 G t s  peak* 2 - 5 Hz @ 0.8 G t s  peak* 
5 - 40 Hz @ 0.6 G t s  peak 5 - 40 Hz @ 0.8 G t s  peak 
5. Shock Test Criteria ( 2  shockslaxis) 
See Table I 
* Design Criteria Only 
.$ \. Subzone 2-1-3-AP Znput to Components mounted on the Structural Ring 
at  XT 2058, Inboard side (+Z 290°) ,  and within +lo0 
of the (3% P r e s s .  LineICable Tray Installation. 
Weight of Component < 100 lbs. 
- ,  a * 1. Acceptance Test Criteria (1 minlaxis) 
Radial A x i s  Long. and Tang. Axes 
Composite = 8.9 grms Composite = 12 .6  grms 
2.  Lift -off Random Vibration Criteria ( 1 min laxis) 
Radial Axis Long. and Tang. Axes 
Composite = 14.1  grms Composite = 19.4  g 
rms 
3. Boost Random Vibrations Criteria ( 2  minlaxis) 
R;~dial Axis Long. and Tang. Axes 
Composite = 17.8 grms Composite = 25 .1  grms 
2- 1-3-AP (Cont . ) 
4. Vehicle Dynamics Criteria 
Longitudinal A x i s  Lateral Axes 
2 - 5 Hz Q 0.6 G 1 s  peak* 2 - 5 Hz 8 0.8 G's peak* 
5 - 40 Hz Q 0.6 G 1 s  peak 5 - 40 Hz Q 0.8 G'b peak 
5. Shock Test Criteria ( 2  shocks/axis) 
See Table I 
* Design Criteria Only 
Subzone 2-1-3-BP Inpu t  t o  Components mcunted on t h e  s t ruc tu ra l  Ring 
at XT 2058, Inboard side (+Z t90°). and  within *lo0 
of t h e  GO2 P re s s .  LineICable T r a y  Installation. Weight 
of Component - > 100 lbs.  
I. Acceptance T e s t  Cri ter ia  (1 minlaxis) 
Radial Axis Long. and  Tang.  Axes 
20 Hz @ 0.0068 g2/Hz 20 Hz @ 0.01 g 2 1 ~ z  
20 - 110 Hz @ +4 dB10ct 20 - 210 Hz @ +2 dB Ioct 
500 - 1000 Hz @ 0.024 g2/Hz 
1000 - 2000 Hz @ -3  dB Ioct 
2000 Hz @ 0.012 g 2 1 ~ z  
Composite = 6.4 grms Composite = 9.0 grms 
2. Lift-off Random Vibration Cri ter ia  (1 minlaxis) 
Radial A d s  Long. and  Tang.  Axes f 
* ,  
100 - 1100 Hz @ 0.065 g2/Hz 1100 - 1500 Hz B 0.14 g2/Hz 
1100 - 2000 Hz @ -6 dB /act 1500 - 2000 Hz @ -9 dB Ioct 
Composite = 10.0 grms Composite = 13*9 grms 
3. Boost Random Vibration Cri ter ia  ( 2  minlaxis) 
Radial Axis Long. and Tang.  Axes 
110 - 200 Hz 1) 0.25 g 2 1 ~ z  210 - 1000 H z  @ 0.2 g 2 / ~ z  
200 - 500 Hz @ - 3  dB 10ct 1000 - 2000 Hz @ -3  dB Ioct 
500 - 1000 Hz @ 0.096 g2/Hz 2000 H Z  CJ 0.1 g 2 / ~ z  
1000 - 2000 Hz @ - 3  dB I O C ~  
2000 Hz @ 0.048 g2/Hz 
Composite = 12.7 grms Composite = 17.9 grms 
4. Vehicle Dynamics Criteria 
Longitudinal A x i ~  Lateral Axes 
2 - 5 Hz 0 0.6 G's peak* 2 - 5 He 0 0.8 G's peak* 
5 - 40 Hz @ 0.6 G's peak 5 - 40 Hz 8 0.8 G1s peak 
5. Shock Test Criteria ( 2  shocks/axis) 
See Table I 
* Design Criteria Only 
' *  * ' TY 




' t  1 
: 1 Subzane 2-2 ET IAH2 Cylinder.  Aft Section (Stetinns X T 2058 t o  
XT 16241, Outboard Half (-Z Axis z90°). (General 
Specifications) . 
.: . I Same HS Subzone 2-2-1-A below. 
< , . ,  
4 
; Subzone 2-2- 1 Baffles and  Stiffened Skin on the  ET LH2 Cylinder ,  
$ I  Aft Section (Stations XT 2058 t o  XT 1624). Outboard 
Ifalf (-Z Axis f90°). (General Specifications) 
Same a s  Subzune 2-2- 1-A below. 
I 
; Subzone 2-2-1-A -- Input t o  Components Mounted on Baffles and  Stiffened 
. ,  i Skin on the  ET IAH Cy!inder, Aft Section (Stations 
XT 2058 t o  X T  1621). Outboard Half (-Z Axis t90°). 
Weight of' Component < 15 lbs.  
1. Acceptance Tcst  Criteria ( 1  minlaxis) 
I 
- Radial Axis Long. and Tang.  Axes 
2 20 H Z  @ 0.C.i; g IIIz 2 20 Hz @ 0.00021 g /Hz 
20 - 30 H z  @ +6 d B  Ioct 20 - 100 Hz @ +9 dB1oct 
30 - 47 IIz Ca 0.038 g 2 / ~ z  2 100 - 400 IIz @ 0.025 g IH?  
47  - 90 Hz @ +12 dB1oct 400 - 700 Hz @ +6 dB loct 
Composite = 20.6 grms Composite = 9.8 grms 
2. Lift-off Ktlndom Vibration Critcria ( 1 min /axis) 
Radial Axis Long. and Tang.  Axes 
Composite = 41.1 g,,,, Composite r- 19.7 grms 
3- 49 
2- 2- 1-A (Cont . ) 
3, Boost Random Vibration Crit~ris ( 2  minlaxis) 
Radial Axi s  Long. and Tang. Axes 
20 Hz B 0.050 g2/Hz 20 Hz @ 0.0014 g2/Hz 
20 - 70 Hz @ +6 dB Ioct 9n - 100 Hz @ + 6 dB Ioct 
70 - 1000 Hz @ 0.60 g 2 / ~ z  100 - 1000 Hz @ 0.035 g 2 1 ~ z  
1000 - 2000 Hz @ -9  dB Ioct 1000 - 2000 Hz @ - 3  dB/oct 
Composite = 28 .3  grms Composite = 7.5  grms 
4.  Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axzs 
2 - 5 Hz 0 0 . 6  G's peak* 2 - 5 Hz @ 0 . 8  G ' s  peak* 
5 - 10 Hz @ 0 . 6  G's peak 5 - 40 Hz @ 0 . 8  G1s peak 
5.  Shock Test Criteria ( 2  shockslaxis) 
See Table I 
* Design Criteria Only 
- 5  1 
i Subzonc 2-2-1-8 Jnput to Components hlountcd on Baffles and Stiffened 
. i Skin on the  ET J4H2 Cylinder . Aft Section (Stations 
X T  2058 to XT 1624) .  Outbotrrd Half ( - 2  Axis +90°). 
Weight of C:omponent : 15 but < 45 Iba 
... 
1 1. Acceptance Test Critericl (1  nlinlaxis) 
i ,  i 




76 - 400 H z  c. 0.25 g IIlz 700 - 1000 H z  @ 0.037 g 2 / ~ z  
4CO - 2000 112 Q -4  dB 10ct 1000 - 2000 I l z  @ - 3  dIJ 10ct 
Composite = 14.4 grills Composite = 7.0  g 
r m  s 
1,ong. ;md T:ing. Axes 
2 76 .- 400 I I z  @ 1.0  g ltiz 2 700 - 1000 Hz Cu b. 15 g / H z  
400 - 2000 Iiz @ - 4  tlll loct 1000 - 2000 H z  @ - 3  dB1oct 
2 2000 11z @ 0.12 g /Ilz 2000 llz @ 1).~75 
Contpositc I -  28.7 g 
rrn s 
Co~lpositc = 13.0 g 
r r n  s 
3. Boost H:lndoni Vil)ls:ktion Cri tcr i i~ ( 2 n~in Irlxis) 
Radii11 Axis 1,ong. ; ~ n d  Tang.  Axes 
50 - 1000 Ha (4 0.30 g 2 / l l ~  72 - 1000 H Z  @ 0.018 g 2 / ~ ~  
1000 - 2000 i t z  B - 9  dl3 / O C ~  1000 - 2000 HZ 8 - 3  dBioct 
2 2000 Ilz @ 0.038 g II lz  2000 Hz @ 0.009 g 2 / ~ z  
4. Vehicle D ynamiss Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 Hz @ 0.6 G's peak* 2 - 5 Hz @ 0.8 G's peak* 
5 - 40 H z  @ 0.6 G's peak 5 - 40 H z  O 0.8 G's peak 
5.  Shock Test Criteria ( 2  shocks/axis) 
See Table I 
* Design Criteria Only 
1 $ : 
\ 
: ', , 
' f :  
Subzone 2-2-1-C Input t o  Components Mounted on Baffles and Stiffened 
Skin on the ET LH2 Cylinder, Aft Section (Stations 
XT 2058 to XT 1624). Outboard Half (-Z A d s  t90°). 
Weight of Component - > 45 lbs. 
> I  
1. Acceptance Test Criteria ( 1  minlaxis) 
Radial Axis Long. and Tang. Axes 
2000 Hz @ 0.015 g2/IIz 
Composite = 5.1 g 
r m s  
2000 Hz @ 0.0095 g 2 / ~ z  
Composite = 4.9 g r m s  
2. Lift-off Random Vibration Criteria ( 1  minlaxis) $ ,. : 
I : 
Radial Axis Long. and Tang. Axes 
2 2000 fiz @ 0.038 g /Iiz 
Composite = 20 .5  g Composite = 9.9 g 
rms rnls 
3. Boost Random Vibration Criteria ( 2  minlaxis) 
Radial Axis Long. ;rnd Tang. Axes 
Composite = 14.2 Rrm s Composite = 5.0 grms 
2-2- 1-C (Cont . ) 
4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 Hz @ 0.6 GIs peak* 2 - 5 Hz 3 0.8 G I s  peak* 
5 - 40 Hz @ 0.6 G's  peak 5 - 40 Hz @ 0.8 C's peak 
5. Shock Test Criteria ( 2  shockslaxis) 
See Table I 
* Design Criteria Only 
, - 
I / 
I /  
. * " * ., 4 .  .- 
. i -  
I .  
Subzone 2-2-2 Structure! Ring at Station XT 1871 in the ET LH2 
I CylinCzr, Outboard Half (-2 A x i s  ?go0). (General 
: Specifications) 
, + 
i Same as Subzone 2-2-2-A below. 3 t 2 
, 1 Subzone 2 2 - 2 1  input to Components Mounted on the Structural Ring i 
L .  
et Station XT 1871 in the ET LB2 Cylinder, Outboard 4 
Half (-2 Axis 290'). Weight of Component < 60 ibs. 
t 
1 1. Acceptance Test Criteria (1 mintaxis) 
I 
! 
- .  i Radial Axis Long. and Tang. Axes 
% 2000 HZ @ 0.024  HZ 
Composite = 11.0 g 
r m s  
2000 H z  @ 0.075 g2/Iiz 
Composite = 15.6 g 
rnts 
; 2. Lift-off Random Vibration Criteria ( 1 minlaxis) ; 
Radial A d s  Long. and Tang. Axes 
120 - 1100 Hz @ 0.32 g 2 t ~ z  1100 - 1500 Hz @ 0.70 g 2 / ~ z  
1100 - 2000 H z  @ -6 dB Ioct 1500 - 2000 Hz @ -9 dB/oct 
Composite = 22.1 grms Composite = 31.2 R , ~ ~  
3. Boost Random Vibration Criteria ( 2  mintaxis) 
Radial Axis Long. and Tang. Axes 
! 20 iir @ 0.017 g2/Hz 20 Hz @ 0.023 g ' t ~ z  
20 - 80 Hz @ +4 dbloct 20 - 40 H Z  8 +3 dB/oct 
1 300 - 1500 H z  @ 0.030 g2/Hz 1000 - 1500 Hz @ 0.075 g 2 / ~ z  
i 1500 - 2000 Hz @ -6  dB Ioct 1500 - 2000 Hz @ -6 dB1oct 






, , r d t *  - re- 
4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 H z  @ 0.6 G's peak* 2 - 5 Hz @ 0.8 G*s peak* 
5 - 40 Hz @ 0.6 G's  peak 5 - 40 Hz @ 0.8 G's peak 
5. Shock Test Criteria ( 2  shockslaxis) 
See Table I 
* Design Criteria Only 
I 
. $  Subzone 2-2-2-8 Input  -. t o  Components Mounted on t h e  S t ruc tura l  Ring 
I at Station Xrr 1871 in  t h e  E T  I.tiZ Cylinder ,  Outboard 
I 
Half ( - Z  Axis f90°). Weight of Component - > 60 lbs .  
1. Acceptance Tes t  Criteria ( 1 mintaxis) 
. I 
Radial A d s  Long. and  Tang. Axes 
20 Hz @ 0.0047 g2/ t lz  20 Hz @ 0.0060 g2/Hz 
20 - 100 Hz @ +4 dB/oct 20 - 1100 Hz @ +2 dB Ioct 
100 - 1100 llz @ 0.040 g2/11z 1100 - 1500 Hz @ 0.087 g ' l ~ z  
1100 - 2000 Hz @ -6 dF3/0ct 1500 - 2000 H I  @ -9  d B / ~ c t  
2 2000 Hz @ 0.012 g /Hz 2000 Hz @ 0.037 g 2 / ~ ~  
Composite = 7.8 g 
r m s  
Coniposite = 11.0 grms 
w 
. . 2. Lift-off Ri~ndom Vibration Criteria ( 1  min/axis) 
Radial Axis I.ong. and Tang.  Axes I 
I 
100 - 1100 llz P 0.16 g2/ t lz  1100 - 1500 Hz @ 0.35 g2/ t iz  
1100 - 2000 1 1 ~  @ - G  dB10ct 1500 - 2000 tlz @ - 9  dB / O C ~  
9 
2000 Hz Cd 0.049 g2 / H Z  2000 Hz @ 0.15 g'/Hz 
Composi:e = 15.7 grnls Composite = 22.0 g 
r m  s 
3. Boost Random Vibration Criteria ( 2 min / i ~ x i s )  
Radial Axis Long. and Tang.  Axes 
9 
20 Hz @ 0.0085 g2/ l l r  20 tlz @ 0.011 gu/Hz 
20 - 80 Ilz @ +1 dB/oct 20 - 40 Hz @ +3 dB1oct 
Composite = 5.9 g 
1.m s 
Composite = 7 * 5  grms 
2-2-2-8 (Cont . ) 
! 4. Vehicle Dynamics Criteria 
Longirudinal Axis Lateral Axes 
2 - 5 Hz 8 0.6 Gts peak* 2 - 5 Hz @ 0 .8  Gts peak* 
5 - 40 Hz 8 0.6 Gts peak 5 - 40 Hz @ 0 .8  Gts peak 
5. Shock Test  Criteria ( 2  shocks/axis) 
! 
See Table I 
i * Desiqn Criteria Only 
.,? 7 . . I I * Y,...= m ' . . -d.,. . - ..-.. -.... - r.. i .  ... . .. .--- . . , ,. - - ,*., ., v -- -%*% ~ . ~ ~ ~ ~ ~ + + ~ w & ~ ~  , 
J . \  7txi Y 
r C  Subzone 2 2 - 3  S t ~ ~ u c t u x ~ i ~ l  liirig tit Stittion X 2058 in the  ET LH2 
. 1 T 
Cylinder, Outboclrd Hu!P ( -Z  A d s  ?go0). (General 
Specifications) 
S;u~ic ;IS S u l ) z o ~ ~ c  2- 2.- 3-4 bclow . 
i\ . 
. , Subzone 2-2- 3- A 11lput . -- to - Con~po~lcnts  klounted on the  Structural  Ring 
I ,  
I t t i o  XI .  - 1058 in the  ET LH2 Cylinder, Outboard 
Iiil'lt' ( -  % Paxis ?go0). Weight of Component 100 lb. 
. ,  a 
I<iidi:iI LI x i s  1,ong. itnd Tang. Axes 
P 2 120 - 1100 Iiz @ 0.032 g /IIz 1100 - 1500 llz @ 0.068 g 2 / ~ z  
1100 - 2000 Ilz 8 - G  dl{ /act 1500 - 2000 H Z  @ - 9  dB / O C ~  
1,it't-off R:tlldo~n Vibriition Criteria ( 1 nlin/nxis) 
liadii~l A xis Iang.  and Tang. Axes 
2 5000 Ilz CJ 0.039 g /Ilz 2000 H Z  @ 0 .11  g 2 / ~ z  
Composite = 14.1 g r m s  Composite = 19.4 grms 
Hoost Rundom Vibration Criteria ( 2  min /axis) 
Radial Axis Long. urld Tang. Axes 
Composite = 6.8 g 
rms 
URIGINAL PAGE is 
OF POOR QUALITY 
. 1 
. 
:'L. / 2-2-3-A (Cont . ) 
I 
! 4. Vehicle Dynamics Criteria 
Longitudinal A d s  Laterr:l Axes 
, , .  2 - 5 Hz @ 0.6 G 1 s  peak* 2 - 5 Hz @ 0 .8  G 1 s  peak* 
5 - 40 Hz @ 0.6 G 1 s  peak 5 - 40 Hz @ 0 .8  G 1 s  peak 
5 .  Shock Test Criteria ( 2  shocks/axis) 
See Table I 
Direction A - Perpendicula;. to Bulkhead 
Direction B - Tangential to Bulkhead 
Direction C - Tangential to Bulkhead, Perpendicular to Direction B 
* Design Criteria Only 
. . ! I' 0 , '.i.p ; , ,/ r " 
. --.-.w. ..,l* &*&- p . - * . . , . w w - , . 1 . L 7 F * . .  ".+> *: +,? "'f. I"?e+mb 
& q1- 
..! .*% '.I 
I .  
'1 Subzurlo 2-2-3-I3 Input to Components Mounted on t h e  Structural Ring 
1 at Station XT 2058 in  the  ET LH2 Cylinder, Outboard 
Half ( -Z  Axis t90°). Weight of Component - > 60 lb. 
1. Accc!l)tariuc Test Criteria ( 1 minlaxis) 
3. * +, 
I l<:tdi:il A NS Long. and Tang. Axes 
- ,  Composite = 5.0 grms Composite = 6.9 grms 
- . 8  , 
3. rift-off Random Vibration Criteria (1 minlaxis) 
Radial Axis Long. and Tang. Axes 
Con~posite = 10.0 g 
PIllS 
Composite = 13.9 g 
r m  s 
3. Boost R:i~idom Vibriition C r i t e ~  :I ( 2 min ,'taxis) 
13 iiclitil :I xis Long. imd Tang. Axes 
2 2000 Hz (? !;.00Gl g /Ilz 2000 Hz @ 0.0092 g21ffz 
Composite = 5.0 g 
r m  s 
Composite = 5.0 g 
rms 
ORIGINAL PAGE f9 
OF POOR QUALITY 
2-2- 3-B (Cont . ) 
4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 Hz B 0.6 G I s  peak* 2 - 5 Hz 8 0.8 G 1 s  peak* 
5 - 40 Hz 8 0.6 G I s  peak 5 - 40 Hz 0 0.8 G 1 s  peak 
5. Shock Test Criteria (2 shockslaxis) 
See Table I 
Direction A - Perpendicular to Bulkhead 
Direction B - Tangential to Bulkhead 
Direction C - Tangential to Bulkhead, Perpendicular to Direction B 
* Design Criteria Only 
Subzone 2-3 ET LH2 Cylinder, Forward Section (Stations XT 1624 
to XT 1123), Inboard Half (+Z Axis t90°). (General 
Specifications) 
I, -1 Same as Subzone 2-3-1-A below. 
. \  
Subzone 2-3-1-A Input to  components mounted on Baffles ~ n d  Stiffened 
Skin on the LH2 Tank, Forward Section (XT 1624 to 
XT 1123), Inboard Half (+Z i90°) and not within ?lo0 
. I of the GO2 Press. LinelCable Tray ~ n z l l a t i o n .  
Weight of Component < 15 lbs. 
1. Acceptance Test Criteria (1  minlaxis) 
. j 
Radial Ads I,ong. and Tang. Axes 
120 - 160 Hz @ 1.3 g 2 / ~ z  90 - 220 H z  @ 0.025 g a l H z  
160 - 280 Hz @ -6 dB1oct 220 - 270 Hz  @ +9 dB Ioct 
280 - 900 Hz @ 0.43 g 2 / ~ z  270 - 1000 Hz @ 0.045 g 2 / ~ z  
900 - 2000 Hz @ -6 dB Ioct 1000 - 2000 H z  @ -3 dB Ioct 
2000 H Z  (D 0.09 g 2 / ~ z  2000 H z  @ 0.023 g 2 / ~ z  
Composite = 25.2 grms Composite = 8.4 g 
r m  s 
2. Lift-off Random Vibraticn Criteria (1  minlaxis) 
i Radial Axis Long. and Tang. Axes 
! 
t 
i 75 - 170 H z  B 0.56 g Z ! ~ z  100 - 440 Hz @ 0.048 g 2 / ~ z  
i 170 - 240 H z  @ +6 dB1oct 440 - 700 H z  @ +6 dB Ioct 
1 240 - 900 H z  3 1.13 g 2 / ~ z  700 - 1000 H z  @ 0.12 g 2 / ~ z  
! 900 - 2000 H z  @ -3 dB1oct 1000 - 2000 H z  @ -3 dB Ioct 
2000 Hz @ 0.51 g a l H z  
Composite = 41.0 grms 
2000 H z  @ 0.061 g 2 / ~ z  
Composite = 12.6 g 
rms 

Subzone  2-3-1-B I n p u t  t o  Components mounted o n  Baffles and St i f fened 
Sk in  o n  t h e  LH2 T a n k ,  Forward Section (XT 1624 t o  
XT 1123), Inboard  Half (+Z t90°) ar.J NOT within 
t l O O  of t h e  GO2 P r e s s .  LinelCable T r a y  Installat ion.  
Weight o f  Component - . 15 b u t  < 45 Ibs.  
1. Acceptance T e s t  Cr i t e r i a  (1 minlalds) 
Radial  Axis Long. a n d  T a n g .  Axes  
280 - 900 Hz @ 0.22 g2 /Hz  270 - 1000 Hz @ 0.023 galHz 
900 - 2000 Hz @ -6 d B  loct  1000 - 2000 Hz @ -3 d B  Ioct 
Composite = 18.2 qrms Composite = 5.9 grms 
2. Lift-off Random Vibration Cr i t e r i a  (1 minlaxis)  
Radial Axis Long. a n d  Tang .  Axes  
20 Hz @ 0.042 g 2 1 ~ z  20 Hz @ 0.00039 g 2 1 ~ z  
20 - 52 Hz @ +6 dBIoc t  20 - 80 Hz @ +9 d E  Ioct 
52 - 120 Hz B 0.28 g2/Hz 80 - 440 Hz @ 0.024 g a l H z  
120 - 170 Hz @ +6 dBlo2 t  440 - 700 Hz @ +6 dBIoc t  
Composite = 29.4 grms Composite = 8.9 gpms 
3. Boost Random Vibration Cr i t e r i a  (2 minlaxis)  
Radial A d s  Long. a n d  T a n g .  Axes  
96 - 160 Hz @ 2.5 g2 /Hz  72 - 220 Hz @ 0.05 g21Hz 
160 - 280 Hz 8 - 6  dBIoct  220 - 270 Hz @ +9 dBIoc t  
280 - 900 Hz @ 0.86 g 2 / ~ z  270 - 1000 Hz @ 0.09 g21Hz 
900 - 2000 Hz @ -6 dB/oc t  1000 - 2000 Hz @ - 3  d B  Ioct 
2000 Hz @ 0.18 g 2 1 ~ z  
Composite = 36.4 grms 
2000 Hz @ 0.045 g 2 1 ~ z  
Composite = 11.8 grms 
2- 3- 1-B (Cont . ) 
4. Vehicle Dynamics Criteria 
Longitudinal A d s  Lateral Axes 
2 - 5 Hz (P 0.6 G I s  peak* 2 - 5 Hz 8 0.8 GIs peak* 
5 - 40 Hz (P 0.6 GIs peak 5 - 40 Hz (P 0.8 G's peak 
5. Shock Test Criteria (2  shockslcuds) 
See Table I 
* Design Criteria Only 
- Subzone 2-3-1-C Input to Components mounted on Baffles and Stiffened 
Skin on the LH2 Tank. F o r w a r d  Section (XT 1624 to 
I XT 1123). Inboard Half (+Z t90°) and not within 210° of the GO2 Press. LinelCable Tray 1nmation. 
Weight of Component > 45 lb. 
- 
1 1. Acceptance Test Criteria ( 1 min /axis) 
- i Radial Axis  Loag. and Tang. Axes 
Composite = 12.8 grms Composite = 4.2 gms 
1 2. Lift-off Random Vibration Criteria (1 min/axis) 
Radial A x i s  Long. and Tang. Axes 
1 Composite = 20.9 g rms Composite = 6.4 gms 1 3. Boost Random Vibration Criteria ( 2  minlads) 
Radial Axis Long. and Tang. Axes 
Composite = 25.5 grms Composite = 8.4 g, 
4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 Hz 8 0.6 G1s peak* 2 - 5 Hz @ 0.8 G's peak* 
5 - 40 Hz 8 0.6 G1s peak 5 - 40 Hz @ 0.8 G1s peak 
5. Shock Test Criteria (2  shocks/axis) 
See Table I 
Design Criteria Only 
Subzone 2-3-1-AP Input to Components mounted on Baffles and Stiffened 
Skin on the LH2 Tank, Forwud Section (XT 1624 to 
XT 1123), Inboard Half (+Z f90°) and within f lo0 of 
the GO2 Press. LSIMICable Tray Installation. Wdght 
of Component < 15 lb. 
. i 1. Acceptance Test Criteria ( 1  minlaxis) 
i 
Radial Axis Long. and Tang. Axes 
$ 
i Composite = 35.6 g,, Composite = 10.8 gms 
[ 2. Lift-off Random Vibration Criteria ( 1  minlaxis) 
i 1 Radial Axis  Long. and Tang. Axes 
2000 Hz @ 0.51 g 2 / ~ z  2000 Hz @ 0.061 g 2 / ~ e  
Composite = 41.0 grms Composite = 12.6 grms 
; i 3. Boost Random Vibration Criteria (2  minlaxis) 
I 
i Radial Axis Long. and Tang. Axes 
2000 Hz @ 0.62 g2/Hz 
Composite = 71.2 grms 
2000 Hz @ 0.15 g 2 1 ~ z  
Composite = 21.6 grms 
2- 3- 1-AP (Cont . ) 
4 Vehicle Dynamics Criteria 
Longitudinal Axis 
2 - 5 Hz @ 0.6 G 1 s  peak* 
5 - 40 Hz 0 0.6 G I s  peak 
5. Shock Test Criterla (2  shocks/uds) 
See Table I 
Design Criteria Only 
Lateral Axes 
2 - 5 Hz 0.8 G 1 s  peak* 
5 - 40 Hz @ 0.8 G 1 s  peak 
Subzone 2-3-1-BP Input to Components mounted on Baffles and Stiffened 
Skin on t h e  LH2 Tank.  Forward Section (XT 1624 to 
XT 1123). Inboard Half (+Z 290') and within lo0 
of  the GO2 Press .  LineICable T r a y  Installation. 
V;-rght of Component 2 15 lb. but < 45 lbs. 
. f 
, j 1. Acceptance Tes t  Cri ter ia  (1 minlaxis) 
i Radial A d s  g Long. and  Tang.  Axes 4 
' 1 
360 - 900 Hz @ 0.38 g2/Hz 210 - 1000 Hz @ 0.038 g21Hz 
900 - 2000 Hz @ -6 dB Ioct 1000 - 2000 Hz @ -3 dB1oct 
2000 Hz @ 0.075 g2/Hz 2000 Hz @ 0.019 g2/Hz 
i 
>. 
i Composite = 25.8 grms Composite = 7.7 grms 
* 
2. Lift-off Random Vibration Cri ter ia  (1 minlaxis) 
Radial Axis Long. and  Tang.  Axes 
I 
. 
20 Hz @ 0.042 g2/Hz 20 Hz @ 0.00039 g ' l ~ z  
20 - 52 Hz @ +6 dB1oct 20 - 80 Hz @ +9 dB Ioct 
52 - 120 Hz @ 0.28 g 2 / ~ z  80 - 440 Hz @ 0.024 g21Hz 
120 - 170 Hz @ +6 dB/oc t  440 - 700 Hz @ +6 dB Ioct 
170 - 900 Hz @ 0.56 g2/Hz 700 - 1000 Hz Q 0.060 g2/Hz 
900 - 2000 HZ @ -3 dB / O C ~  1000 - 2000 HZ @ -3 dB /act 
2000 Hz @ 0.26 g 2 / ~ z  2000 Hz @ 0.030 g2/Hz 
Composite = 29.4 grms Composite = 8.9 grms 
i 3. Boost Random Vibration C r i t e r a  (2  minlaxis) 
1 
J i 
Radial A d s  Long. and  Tang.  Axes 
20 Hz Q 0.025 g 2 1 ~ z  20 Hz B 0.0013 g2/Hz 
20 - 120 Hz @ +9 dB1oct 20 - 72 Hz @ +9 dB Ioct 
Composite = 51.6 grmS Composite = 15.3 grm, 
2-3-1-BP (Cont . ) 
4. Vehicle Dynamics Criteria 
Longitudinal A d s  Lateral Axes 
2 - 5 Hz @ 0.6 G's peak* 2 - 5 Hz 8 0.8 GIs peak* 
5 - 40 Hz @ 0.6 G's peak 5 - 40 Hz Q 0.8 G's peak 
5. Shock Test Criteria ( 2  shocks/axis) 
See Table I 
* Design Criteria Only 
' S  
Subzone 2-3-1-CP Input to Components mounted on Baffles and Stiffened 
Skin on the LH2 Tank, Forward Section (XT 1624 to 
I XT 1123). Inboard HaIf (+Z 290°) and within *lo0 of 
the GO2 Press. Line /Cable Tray Installation. Weight 
of Component - > 45 lbs. 
! 1. Acceptance Test Criteria (1  minlaxis) 
t 
:I 
i Radial Axis Long. and Tang. Axes 
Composite = 18.6 grms Composite = 5.4 g 
rms 
i 
; 2. Lift-off Random Vibration Criteria ( 1  minlaxis) 
I 
Radial A d s  Long. and Tang. Axes 
2000 Hz @ 0.13 g 2 / ~ z  2000 Hz @ 0.015 g 2 / ~ z  
Composite = 20.9 grms Composite = 6 * 4  grms 
i 3. Boost Random Vibration Criteria (2 minlads) Radial A x i s  Long. and Tang. Axes 
2000 Hz @ 0.15 g 2 1 ~ z  2000 Hz @ 0.038 g 2 / ~ z  
Composite = 37.1 grms Composite = 10.8 grms 
2-3-1-CP (Cont. ) 
4. Vehicle Dynamics Criteria 
Longitudinal Axis  Lateral Axes 
2 - 5 Hz @ 0.6 G I s  peak* 2 - 5 Hz @ 0.8 GIs  peak* 
5 - 40 Hz @ 0.6 G's peak 5 - 40 Hz 8 0.8 GIs  peak 
5. Shock Test Criteria ( 2  shocks/axis) 
See Table I 





S ubzone 2- 3- 1-I)P Input to  Components Mounted on Baffles and Stiffened 
-- -- 
Skin on the  LH2 Tank Forward Section (XT 1624 to 
ST 1123), Inboard Half (+Z +90°) and  within -+lo0 of 
I t h e  GO2 Press .  LineICable Tray  Installation. Weight 
.,. . 1 of Coniponent 100 lb. 
. -  ,k 1 
I 
'. , 1 I .  Accel~t;lnce 'l'cst Criteriu ( 1  minlaxis) 
i I !  
Hitdi:il Axis Long. and Tang.  Axes 




I 76 - 250 Hz @ 0.31 g /Hz 45 - 140 Hz @ 0.0033 g 2 / ~ z  
250 - 360 Hz @ -10 dE/oct  140 - 210 H z  @ +9 dB1oct 
.*-' 
I '  2 
,:. : 360 - 900 Ilz @ 0.095 g /Hz 210 - 1000 H z  @ 0.0095 g 2 / ~ z  900 - 2000 Hz @ -6 dB/oct 1000 - 2000 Hz @ -3 dB Ioct 
Composite = 13.4 grms 
. , 
2. 1,if't-off' Test  Criteria (1 minlaxis) 
Radial A d s  




Long. and Tang. Axes 
20 H z  @ 0.042  HZ 20 Hz @ 0.00039 g 2 / ~ z  
20 - 26 H Z  @ +6 dB / O C ~  20 - 50 HZ @ +9 dB/oct 
26 - 85 Hz @ 0.07 g2/Hz 50 - 440 Hz @ 0.006 g 2 1 ~ z  
85 - 120 Hz @ +6 dB/oct 440 - 700 Hz @ +6 dB 10ct 
120 - 900 Hz @ 0.14 g 2 / ~ e  700 - 1000 Hz @ 0.015 g 2 / ~ z  
900 - 2000 I-Iz @ -3 dB /oct 1000 - 2000 Hz @ -3 dB Ioct 
2000 H z  @ 0.065 g 2 / ~ z  2000 H z  @ 0.0075 g2/Hz 
Composite = 14.8 grms Composite = 4.5 g 
rms 
Boost Random Vibration Criteria (2 miniaxis) 
Radial Axis I ~ n g .  and Tang.  Axes 
' 1  
I 20 H z  @ 0.025 g 2 / ~ z  20 H z  @ 0.0013 rg2/Hz 20 - 76 H Z  @ +9 dB/oct 20 - 45 HZ @ +9 dB 10ct 
76 - 250 Hz @ 1.25 g 2 / ~ z  45 - 140 Hz @ 0.013 g 2 / ~ z  
;/- - 1 250 - 360 Hz @ -10 dB Ioct 140 - 210 HZ @ +9 di3Ioct r. \ 360 - 900 Hz @ 0.38 g2/Hz 210 - 1000 Hz @ 0.038 g 2 / ~ z  
- ':1 900 - 2000 Hz @ -6 dB Ioct 1000 - 2000 Hz @ -3 dB Ioct 
Composite = 26.7 grms Composite = 7 * 6  grm 
2- 3- 1-DP (Cont . ) 
4.  Vehicle Dynamics Criteria 
Longitudinal A d s  
1 - 5 Hz /il 0.6 G f s  peak* 
5 - 40 Hz @ 0.6 G f s  peak 
Lateral Axes 
2 - 5 H z  @ 0.8  G f s  peak* 
5 - 40 Hz @ 0 .8  G's  peak 
5. Shock Test Criteria ( 2  shocks/axis) 
See Table I 
* Design Criteria Only 
I Subzone 2-3-2 S t r u c t u r a l  R ings  at S ta t ions  XT 1624 a n d  XT 1377 in 
I 
t h e  CT LH2 Cyl inder ,  Inboard Half (+Z Axis  f90°). 
(General  Specifications) 
I Same a s  Subzone 2-3- 2-A below. 
Subzone 2-3-2-A I n p u t  - t o  Components mounted on S t r u c t u r a l  R ing  at 
XT 1624 a n d  XT 1377 i n  t h e  LH2 T a n k ,  Inboard Half 
( + Z  ?go0), a n d  not  within f l O O  o f  t h e  GO2 Press .  
-
Line!C~lble T r a y  Installation. Weight o f  Component 
< 30 lbs .  
1. Acceptance T e s t  Cr i t e r i a  ( 1  minlaxis)  
.' i 
Radial Axis Long. a n d  Tang .  Axes 
i 60 - 350 HE @ 0.18 g2/Hz 50 - 190 HZ @ 0.033 g2 /Hz  
I 350 - 500 Hz @ +10 d B  ' ,t 190 - 400 Hz @ +10 d B  Ioct 
I 2000 HZ @ 0.063 g 2 / ~ ~  2000 HZ @ 0.028 g 2 / ~ z  
i 
Composite = 25.3 grms Composite = 18.7 grms 
2. Lift-off Random Vibration Cr i t e r i a  ( 1  minlaxis)  
Radial Axis Long. and  T a n g .  Axes 
20 Hz @ 0.0061 g 2 ! ~ z  20 Hz @ 0.0065 g2/Hz 
20 - 100 HZ @ +6 d B  10ct 20 - 60 Hz @ +6 dB10ct 
i 
100 - 290 Hz 4 0.15 g 2 / ~ z  60 - 190 Hz @ 0.060 g 2 / ~ z  
i 290 - 500 Hz @ +9 dB1oct 190 - 340 Hz @ +9 dB1oct 
500 - 850 i l r  @ 0.80 g2/Hz 340 - 2000 Hz @ 0.34 g 2 / ~ z  
850 - 2000 Hz @ -6 dB Ioct 
2000 Hz @ 0.15 g 2 / ~ z  
Composite = 28.1 grms Composite = 24.2 grms 
' *  8 
- r , y  
.m, 
J 
t .I ' I /  
*i7*, k*>%4. +.., .- - &  . ' . 4.;  - . . - .., . - .-. r .  - - . a :  v 7 A . 
2- 3-2-A (Cont . ) 
3. Booot Random Vibration Cri ter ia  (2  miniaxis) 
Radial Axis Long. and Tang.  Axes 
20 Hz 4 0.078 g 2 / ~ z  20 Hz 4 0.053 g 2 / ~ z  
20 - 60 Hz @ +6 dB/oct  20 - 50 Hz 0 +3 dB/oc?t 
. , 60 -- 350 Hz 4 0.7 g 2 1 ~ z  50 - 190 Hz @ 0.13 g 2 / ~ z  
350 - 500 Hz 0 +10 dB 10ct 190 - 400 Hz a +10 d B  / O C ~  
500 - 1000 Hz 4 2.5 g 2 / ~ z  400 - 900 Hz @ 1.5 g 2 / ~ z  
1000 - 2000 Hz 4 -10 dB Ioct 900 - 2000 Hz 0 -10 dB Ioct 
2000 Hz @ 0.25 g 2 1 ~ z  2000 H Z  0 0.11 g 2 / ~ z  
Composite = 50.6 grms Composite = 37.3 grms 
. * 
I 4. Vehicle Dynamics Criteria 
I 
L Longitudinal Axis Lateral  Axes 
i 
f 
2 - 5 Hz @ 0.6 G's peak* 2 - 5 Hz @ 0.8 G's peak* 
5 - 40 Hz @ 0.6 GIs peak 5 - 40 Hz @ 0.8 G1s peak 
C .  
' 5. Shock Tes t  Criteria (2  shocksiaxis)  
, . 
Sec Table I 
* Design Criteria Only 
. . 
:. + 1 
I \ 
' g  I Subzone 2-3-2-8 Input to Components mounted on Structural Ring at  
I XT 1624 and XT 1377 in the LH2 Tank, Inboard Half 
1 (+Z f 90°), and nut within f lo0  of the GO2 Press. 
i 
I ! 
Line /C ble ~ r t l y s t a l l a t i o n  . Weight of Component 
t > 30 but < 90 Ibs. - 
.\ 1 
- &  , 1. Acceptance Test Criteria (1 miniaxis) 
I Radial Axis Long. and Tang. Axes 
Composite = 17.6 g,, Composite = 13.2 grms 
2. Lift-off Random Vibration Criteria (1  minlaxis) 
Radial Axis Long. and Tang. Axes 
Composite = 19.9  grm8 Composite = 17.4 grms 
3. Boost Random Vibration Criteriti ( 2  minlaxis) 
Radial Axis Long. and Tang. Axes 
Composite = 35.1 g 
rms 
Composite = 26.4 g 
rms 
2- 3-2-B (Cont . ) 
4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axr?s 
2 - 5 H z  8 0.6 G I s  peak* 2 - 5 Hz Q 0.8 G I s  peak* 
5 - 40 H z  B 0.6 G I s  peak 5 - 40 He 8 0.8 GIs  peak 
5. Shock Test Criteria (2 shocks/axis) 
See Table I 
Design Criteria Only 
i Subzone 2-3-2-C Input to  Components mounted err Structural Ring at  
. f XT 1624 and XT 1377 in the LH2 Tank, Inboud Half 
(+Z ?90°), and not within ?lo0 of the GO2 Press. 
LinelCable Tray%stallation. Weight of Component 
> 90 1b. 
- 
. I  
1. Acceptance Test Criteria ( 1  miniaxis) 
Radial A d s  Long. and Tang. Axes 
. ' 500 - 1000 HZ @ 0.15 g 2 1 ~ z  400 - 900 Hz @ 0.093 g 2 / ~ z  
1000 - 2000 HZ @ -10 dB Ioct 900 - 2000 HZ @ -10 dB10ct 
2000 Hz @ 0.015 g 2 / ~ z  2000 Hz @ 0.0068 g2/Hz 
Composite = 12.4 g 
r m s  Composite = 9.3 grms 
2. Lift-off Random Vibration Criteria ( 1  minlaxis) 
Radial A d s  Long. and Tang. Axes 
L 
20 Hz @ 0.0061 g 2 1 ~ ~  20 Hz @ 0.0065 g2/Hz 
20 - 50 Hz @ +6 dB Ioct 20 - 30 Hz @ +6 dB1oct 
SO - 290 Hz @ 0.038 g 2 1 ~ z  30 - 190 Hz @ 0.015 g21Hz 
290 - 500 Hz @ +9 dB Ioct 190 - 340 Hz @ t 9  dB1oct 
2000 Hz @ 0.036  HZ 
Composite = 14.1 grms Composite = 12.1 grms 
3. Boost Random Vibration Criteria ( 2  minlaxis) 
Radial Axis Long. and Tang. Axes 
_I 
20 Hz @ 0.078 g 2 / ~ z  20 Hz @ 0.026 g2/Hz 
20 - 30 Hz @ +6 dBIoct 20 - 25 Hz @ +3 dB loct 
. , 
--. Composite = 24.8 grms 
.;( 
Composite = 18.5 grms 
2-3-2-C (Cont. ) 
4. Vehicle Dynamics Criteria 
Longitudinal Axis 
2 - 5 Hz B0.6Gfs  peak* 
5 - 40 Hz @ 0.6 G's peak 
5. Shock Test Criteria (2  s ~ k s / a x i s )  
See Table I 
Design Criteria Only 
Lateral Axes 
2 - 5 Hz @ 0.8 G's peak* 
5 - 40 H z  @ 0.8 G's peak 
. - 
1 ,  
- 2 /  , , I 
. ~ ~ , . ~  .-*..1. .. . -.6 .:A -..-- .-y -- - 
. - &-- - )  ,> ^--. *., -.* .- :.% .. - 4- - * .  - - , - . - 
Subzone 2-3-2-AP Input to Components mounted on Structural Ring at 
XT 1624 and XT 1377 in the LH2 Tank. Inboard Half 
(+Z t90°) and within ?lo0 of the GO2 Press. Line1 
Cable Tray Installation. Weight of Component < 30 
lbs . 
1. Acceptance Test Criteria ( 1  minlaxis) 
' ' I  
. 1 -. #~ -.-:* - *~-- . - k t &  3;i d2+ 
1 Radial Ax i s  Long. and Tang. Axes 
r 1 
I Composite = 36.4 g Composite = 27.7 grms 
r m s  
2. Lift-off Random Vibration Criteria (1 mintaxis) 
i Radial Axis Long. and Tang. Axes 
Composite = 24.2 g r m s  Composite = 28.1 g rms 
-1 3. Boost Random Vibration Criteria ( 2  mintaxis)  
:- 1 Radial Axi s  Long. and Tang. A x e s  
- t 
Composite = 72.8  grms Composite = 55.3  grms 
4. Vehicle Dynamics Criteria 
, Longitudinal Axi s  Lateral Axes  
2 - 5 Hz @ 0 . 6  GIs peak* 2 - 5 Hz @ 0 . 8  C's peak* 
5 - 40 H z  @ 0 . 6  GIs peak 
., , 
5 - 40 Hz @ 0 . 8  C's peak 
5. Shock T e s t  Criteria ( 2  shocks/axis)  
S e e  Table I 
* Design Criteria Only 
. f Subzone 2-3-2-BP Input to Components mounted on Structural Ring at XT 1624 and XT 1377 in the LH2 Tank, Inboard Half 
. ! (+z t90°) and within -- ?lo0 of the GO2 Press. Line1 
Cable Tray Installation. Weight of Component - > 30 
but < 90 lbs. y: 1 1. Acceptance Test Criteria (1 min/axis) 
E i Radial A d s  Long. and Tang. Axes 
Composite = 25.8 g Composite = 19.6 g 
r m s  rn ls  
Lift-off Random Vibration Criteria (1 minlaxis) 
Radial Axis L o n ~ .  fir\" Tang. Axes 




2-3-2-BP (Cont . ) 
3. Boost Random Vibration Criteria (2 mintaxis) 
Radial Axls Long. and Tang. Axes 
Composite = 51.5 grms Composite = 39.1 grms 
4. Vehicle Dynamics Criteria 
Longitudinal A d s  Lateral Axes 
2 - 5 Hz @ 0.6 G's peak* 2 - 5 Hz @ 0.8 G's peak* 
5 - 40 Hz @ 0.6 G's peak 5 - 40 Hz @ 0.8 G's peak 
5. Shock Test Criteria (2 shockslaxis) 
See Table I 
* Design Criteria Only 
Subzone 2-3-2-CP Input to Components mounted on Structural Ring At 
XT 1624 and XT 1377 in the LH2 Tank. Inboard Half 1 (+Z  f90°), and within +lo0 of the GO2 Press. Line/ 
Cable Tray Installation. Weight of Component - > 90 lbs. 
I 1. Acceptance Test Criteria ( 1  miniaxis) 
Radial A x i s  Long. and Tang. Axes 
! 32 - 120 Hz  @ 0.05 g2/Hz 25 - 130 Hz @ 0.008 g 2 1 ~ ~  
i 120 - 200 Hz @ +6 dBioct 130 - 400 Hz @ +9 dB/oct 
I 
- ,  
--, , 
200 - 340 Hz @ 0.13 g2/Hz 400 - 800 Hz @ 0.21 g2/Hz 
340 - 500 Hz @ +10 dB/oct 800 - 2000 Hz @ - 10 dB Ioct 
2000 H Z  @ 0.021 g 2 / ~ z  
Composite = 18.0 g 
r m  s Composite = 13.1 grms 
2. Lift-off Random Vibration Criteria ( 1  minlaxis) 
Radial A x i s  Long. and Tang. Axes 
Composite = 14.1  gms Composite = 12.1 grms 
2-3-2-CP (Cont . ) 
3. Boost Random Vibration Criteria (2 mintaxis) 
t 
t. Radial Axis Long. and Tang. Axes 
Composite = 36.0 grms Composite = 26.2 grms 
4. Vehicle Dynamics Criteria 
, I Longitudinal Axis Lateral Axes 
2 - 5 Hz @ 0.6 G 1 s  peak* 2 - 5 Hz 4 0.8 G's peak* 
5 - 40 Hz @ 0.6 G's  peak 5 - 40 Hz @ 0.8 G's peak 
.. 5.  Shock Test Criteria ( 2  shocks/ads) 
See Table I 
* Design Criteria Only 
Subzone 2- 3- 3 Structural Ring at Station XT 1130 in the ET LH2 
Cylinder, Inboard Half (+Z Axis +90°). (General 
Specifications) 
Same as Subzone 2-3- 3-A below. 
jubzone 2-3-3-A I s u t  to  Components mounted on the Structural Ring 
XT 1130 in the LH2 Tank, Inboard Half (+Z ?go0), 
and not within 210° of the GO2 Press. LineICable 
~ra~%stalla!ion. Weight of Component < 100 lbs. 
1. Acceptance Test Criteria (1  minlaxis) 
R~d ia l  Axis Long. and Tang. Axes 
Composite = 8.9 g 
rms 
Composite = 11.7 grms 
i 2. Lift-off Random Vibration Criteria ( 1 min l a d s )  
i ! Radial Axis Long. and Tang. Axes 
2000 Hz @ 0.031 g 2 / ~ z  
Composite = 12.8 g,,s Composite = 19.1 grms 
- 1  
. I 2-3-3-A (Cont, ) 
3. Boost Random Vibration Criteria ( 2  miniaxis) 
I Radial Axis Long. and Tang. Axes 
2000 Hz @ 0 . 0 9  g 2 / ~ z  2000 H Z  @ 0 .2  g 2 / ~ z  
Composite = 17.7  gmS Composite = 23.4 grmS 
1 
. f 4. Vehicle Dynamics Criteria 
! Longitudinal Axis Lateral Axes 
- 2  - 5 Hz @ 0 . 6  G 1 s  peak* 2  - 5 Hz @ 0 . 8  G 1 s  peak* 
': f 5 - 40 Hz @ 0 .6  G 1 s  peak 5 - 40 Hz @ 0 . 8  G1s peak 
.- I 
I 5 .  S i i ~ ~ k  Test Criteria ( 2  shocks/axis) 
-. a 
See Table I 
* Design Criteria Only 
Subzonc 2-3- 3-8 Input  t o  Components mounted on  t h e  S t ruc tura l  Ring 
ut XT 1130 i ~ r  t he  LH2 Tank,  Inboard Half (+Z f90°), 
and not within ?lo0 of the  GO2 Press .  LineICable 
- 
Truy Installation. Weight of Component 2 100 lbs .  
1. Acceptance Test  Critcriu ( 1 minlaxis) 
Radial Axis Long. and Tang.  Axes 
2 
20 H z  (3 0.013 g 2 1 ~ z  20 H z  @ 0.011 g /Hz 
20 - 58 Hz @ +3 dB1oct 20 - 35 Hz 4 +3 dB Ioct 
2 58 - 130 tiz @ 0.038 g /HZ 35 - 300 Hz @ 0.019 g 2 / ~ z  
130 - 260 H Z  @ -3 dB/oct  300 - 700 H Z  @ +3 dB / O C ~  
260 - 1500 Hz @ 0.02 g 2 / ~ r  700 - 1500 Hz 4 0.043 g 2 / ~ z  
1500 - 2000 H Z  @ -6 dB 10ct 1500 - 2000 HZ @ -6 dB loct 
Composite = 6.3 grms Composite = 8.1 grms 
- I 2 .  Lift-off Random Vibration Criteria ( 1  minlaxis) 
t: 5 L Radial Axis Long. and Tang.  Axes 
Composite = 9.1 g 
rms 
3. Boost Random Vibrati9n Criteria ( 2  minlaxis) 
Composite = 13.5 grms 
Radial Axis Long. and Tang.  Axes 
58 - 130 H z  @ 0.15 g 2 / ~ z  35 - 300 Ez 1) 0.074 g 2 / ~ z  
130 - 260 Hz @ -3 dB1oct 300 - 700 z @ +3 dBloct  
260 - 1500 H Z  B 0 . m  g 2 / ~ z  700 - 1500 Hz @ 0.17 g2/Hz 
1500 - 2000 H Z  @ -6 dB 10ct 1500 - 2000 Hz @ -6 dB Ioct 
Composite = 12.5 g 
r m s  
2 '. I 
'1 
" f  i 
t 
2-3-3-B (Cont . I  
i 
, 4.  Vehicle Dynamics Criteria 
Longitudinal A d s  Lttteral Axes 
- -  . w 
y L 2 - 5 Hz @ 0.6  G's peak* 2 - 5 Hz @ 0 . 8 G t s  peak* 
5 - 40 Hz @ 0.6 G's peak 5 - 40 Hz @ 0 .8  G's  peak 
' , 
5.  Shock Test Criteria ( 2  shocks/axis) 
See Table I 
* Design Criteria Only 
- * \ c .  -- . . Strbzone 2-3-3-AP Input to Components mounted on the Structural Ring 
at XT 1130 in the L H 2  Tank, Inboard Half (+Z 290'). 
and within tlOO of the G O 2  Press. Lille/Cable Tray 
Instnllation. Weight of Component < 100 lbs. 
. 1 .  Acceptuncc Test Criteria ( 1  minluxis) 
Radial Axis Long, and Tang. Axes 
Composite = 12.3 gr,,s Coniposite = 16.5 grms 
: 2 1,ift-off Rti~ldo~n Vibrution Criteria ( 1 rninlaxis) 
K:~dial Axis Long. a r ~ ~  Tang. Axes 
Composite = 19.1 grms 
1 
3. Boost Random Vibration Criteria (2 minlaxis) 
Radial Axi s  
' . 
20 Hz @ 0.l176 g ' l ~ z  
20 - 150 Hz 8 +3 dB Ioct 
Long. and Tang. Axes 
Composite = 24.6 grms Composite = 32.9 grms 
4. Vehicle Dynamics Criteria 
Longitudinal Axis  Lateral Axes 
2 - 5 H z  @ 0.6 G's peak* 2 - 5 Hz @ 0.8 G f s  peak* 
5 - 40 Hz B 0.6 G's peak 5 - 40 Hz @ 0.8 G's peak 
5. Shock Test Criteria (2 shockslaxis) 
L ' 
See Table I 
* Design Criteria Only 
Subzone 2-3-3-BP Input to  Components mounted on the  Structural Ring 
at XT 1130 in  the LH2 Tank. Inboard Ha!f (+Z %!MO). 
- i and within ?lo0 of the  GO2 Press. LineiCable Tray 
f 1 Installation. Weight of Component .' 100 lbs. - 
' f 1. Acceptance Test Criteria ( 1  minlaxis) 3 
. I  Radial Axis Long. and Tang. Axes 
. > 
m '  
2000 Hz @ 0.023 g 2 / ~ z  600 - 1500 Hz @ 0.083 g Z / ~ z  
1500 - 2000 Hz @ -6 dB /act 
2000 Hz @ 0.048 g 2 / ~ z  
: Composite = 8.7 g Composite = 11.5 grms r m s  
2. Lift-off Random Vibration Criteria ( 1  minlaxis) 
Radial Axis Long. and Tang. Axes 
Composite = 9.1 grms Composite = 13.5 g 
r m s  
3- 35 
3. ~ o o s t  Random Vibration Criteria ( 2  mintaxis) 
Radial Axis Long. and Tang. Axes 
.' - 1 
- *  1 2000 Hz @ 0.19 g 2 / n z  
f Composite = 17.4 gms Composite = 23.0 g, 
i 1 
-. : j 4. Vehicle Dynamics Criteria 
r .  i Longitudinal -4ds Lateral Axes 
2 - 5 Hz @ 0.6 G's peak* 2 - 5 Hz @ 0.8 G's peak* 
5 - 40 Hz @ 0.6 G's peak 5 - 40 Hz @ 0 . 8  G's peak 
,-. I 5. Shock Test Criteria (2 shocks/axis) 
.- 1 
t 
See Table I 
, 
* Design Criteria Only 
' 0  4 ' i /  
...*-,. - - * I .*. . . . - . , . . . . ,-#',,,, - ,.,.- *?.& ;e%.- , . . -  :*.,;x;. : - . ;z ; - f41/r.? .:. :,,,-:- : 
Subzone 2-4 ET LH2 Cyi inder ,  Forward Sectior. (Sta t ions  XT 1624 
t o  XT 1130 ) , O u r m l l r d  Half (-2 Axis  +90°). (General  
T f Specifications) a I 
i 
L 
-. 4 Same as Subzone 2-4- 1-A below. 
. . 
i Subzone2-4-1  
. ; 
Baffles a n d  St i f fened Sk in  o n  t h e  ET LH, Cyl inder .  
Aft Section (Sta t ions  XT 1624 to XT 1130). Outboard  
Half ( -Z Axis 290°). (General  Specifications) 
. Same as Subzone 2-4- 1-A below. 
Subzone 2-4-1-A I n p ~ t  o Components Mounted o n  Baffles a n d  St i f lened 
Sk in  o n  t h e  ET LH2 Cyl inder ,  Aft Sections (Sta t ions  
. ' XT 1624 t o  XT l i 3 0 ) .  S u t b o a r d  Half (-Z Axis +90°i. 
Weight o f  Component < 15 Ib. 
1. Acceptance T e s t  Cr i t e r i a  ( 1 minlaxis)  
Radial Axis Long. and  Tang .  Axes  
20 Hz P 0.013 g2/Hz 20 H Z  @ 0.00012 g 2 / ~ ~  
20 - 75 Hz @ +6 dB1oct 20 - 100 Hz @ +9 d B  Ioct 
75 - 170 Hz @ 0.18 g 2 / ~ z  100 - 440 Hz @ 0.015 g2/f4z 
170 - 240 Hz @ +6 d B  Ioct 440 - 700 Hz @ +6 dB1oct 
240 - 900 Hz @ 0.35 g 2 1 ~ z  2 700 - 1000 Hz @ 0.038 g /Hz 
900 - 2000 Hz k3 - 3  d B  Ioct 1000 2000 Hz @ -3 d B  Ioct 
Compos; = 22.8 grms Composite = 7.0 grms C .. B 
2. Lift-off Random Vibration Cr i t e r i a  ( 1 min laxis) 1 :. i Radial Axis Long. a n d  T a n g .  Axes ? 
20 Hz B 0.052 g 2 / ~ z  20 Hz 3 3.00018 g 2 / ~ z  
20 - 75 Hz @ +6 d B  Ioct 20 - 100 Hz @ +9 dB1oct 
2 75 - 170 Hz @ 0.70 g /Hz 100 - 440 Hz @ 0.060 g 2 / ~ z  
170 - 240 Hz @ +6 d B / o c t  440 - 700 Hz @ +6 d B  Ioct 
Composite = 45.6 grms Composite = 14.0 gFms 
2-4-1-A (Cont . ) 
3. Boost Random Vibration Criteria ( 2  minlaxis) 
Radial Axis Long. and Tang. A x e s  
Comps-te = 28.8 gms Composite = 7 .5  gms 
4. Vehicle Dynamics Criteria 
Longitudinal A d s  Lateral Axes  
2 - 5 Hz @ 0 . 6  G f s  peak* 2 - 5 Hz @ 0 . 8  G's peak* 
5 - 40 Hz @ 0 . 6  G f s  peak 5 - 40 Hz @ 0 . 8  G's peak 
5. Shock T e s t  Criteria ( 2  shockstaxis) 
See Table I 
* Design Criteria Only 
Subzone 2-4-1-B Input to Components Mounted on Baffles and Stiffened 
Skin on the ET LH2 Cylinder, Aft Section (Stations 
XT 1624 to XT 1130). Outboard Half (-2 A x i s  t90°). 
Weight of Component - > 15 but < 45 lb. 
1. Acceptance Test Criteria ( 1  miniaxis) 
Radial Axis h n g .  and Tang. Axes 
Composite = 16.3 grms Composite = 4.3 grms 
2. Lift-off Random Vibration Criteria ( 1 min /axis) 
Radial Axis Long. and Tang. Axes 
20 H z  B 0.052 g 2 / ~ z  20 H z  @ 0.00048 g 2 / ~ z  
20 52 IIz @ +6 dB Ioct 20 - 80 Hz @ +9 dB/oct 
2 52 - 120 Hz @ 0.35 g /Hz 80 - 440 H z  @ 0.030 g2/Hz 
120 - 170 H z  @ +6 ci31oct 440 -- 700 H z  @ +6 dB Ioct 
Composite = 32.7 grms Composite = 9.9 g 
r m  s 
3. Boost Random Vibration Criteria (2 minlads) 
Radial Axis Long. and Tang. Axes 
! Composite = 20.9 grms Composite = 5.4 grms 
mm.@pa-- -,.+ I ** 
: 1 
5 * .  
, . 1 ,  2-4-1-E (Cont.) 
' g  
4. Vehicle dynamics Criteria 




k 2 - 5 Hz @ 0 . 6 C t s p e a k *  
-.* 5 - 40 Hz @ 0.6 G's peak 
5. Shock Test Criteria ( 2  shocks/axis) 
See Table I 
2 - 5 Hz @ 0.8 G 1 s  peak* 
5 - 40 Hz @ 0.8 G 1 s  peak 
* Design Criteria Only 
Subzone 2-4-1-C Input  to Components Mounted on  Baffles and Stiffened 
r 
Skin  on  t h e  ET LH2 Cylinder.  Aft Section (Stations 
XT 1624 to XT 1130). Outboard Half (-2 Axis +90°). 
Weight of Component - > 45 lb. 
1. Acceptance Tes t  Criteria ( I rninlaxis) 
d 
Radial A d s  Long. and Tang.  Axes 
f 20 Hz @ 0.013 g 2 / ~ z  20 Hz @ 0.00012 g 2 1 ~ z  20 - 37 Hz 4 +6 dB ioct 20 - 63 Hz @ +9 dB Ioct 
. .- 
f 37 - 85 Hz @ 0.045 p 2 / ~ z  63 - 440 Hz 4 0.0038 g 2 / H z  85 - 120 Hz @ +6 dB Ioct 440 - 700 Hz @ +6 dB ~ o c t  f 120 - 900 Hz @ 0.088 g 2 / ~ z  700 - 1000 Hz @ 0.0095 g 2 1 ~ z  
.I 900 - 2000 Hz @ -3  dB Ioct 1000 - 2000 Hz @ -3  dB Ioct 
' l 2000 Hz @ 0.040 g2/Hz 2000 Hz @ 0.0048 g 2 / ~ z  
Composite = 11.6 grms Composite = 3.5 g 
r m  s 
P, ih & 2. Lift-off Random Vibration Criteria ( 1  minlaxis) 
L Radial Axis Long. and  Tang.  :ixes 
20 Hz @ 0.052 g 2 / ~ z  2 20 Hz @ 0 .00~48  g /Hz 
20 - 37 Hz @ +6 dB Ioct 20 - 63 Hz @ + 3 d B / o c t  
2 37 - 85 H z  @ 0.18 g /Hz 63 - 440 Hz Ca 0.015 g 2 / ~ z  
t f 85 - 120 Hz @ +6 dB1oct 440 - 700 Hz @ +6 dB loct 
2 120 - 900 Hz @ 0.35 y /Hz 700 - 1000 Hz B 0.0:8 gallie 
900 - 2000 H Z  @ -3  dF. / O C ~  1000 - 2000 Hz @ -3 dB loct 
2000 Hz @ 0.16 g 2 / ~ z  2000 Hz @ 0.019 g 2 / ~ z  
Composite = 23.3 g Composite = 7.1 g 
r m  s r m  s 
3. Boost Random Vibration Criteria ( 2  minlnxis) 
Radial Axis Long. and  Tang.  Axes 
62 - 200 Hz @ 0.50 gZ/Hz 67 - 1000 H z  @ 0.015 g 2 / ~ z  
200 - 340 H Z  @ -9  dB10 t 1000 - ZOOC H z  @ -3 dB Ioct 
Composite = 15.1 grmS Composite = 5.4 grms 
'.. ,$ ., :/. , 
L. 
/J 
*---*- i. . *,: -&. . ,._ --,, - .,." ,+.,,*,*.2 :-"" -*=-:*.w-.* eW-7-T a % . * ?  ,p -. , . 
2-4- 1-C (Cont . ) 
4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 H z  Q 0.6 G 1 s  peak* 2 - 5 H z  Q 0.8 G's peak* 
5 - 40 H z  @ 0.6 G 1 s  peak 5 - 40 Hz @ 0.8 G 1 s  peak 
5. Shock Test Criteria (2  sho?ks/axis) 
See Table I 
* Design Criteria Only 
j ' I ;  e; !* / a 
. . . = ~~osbTfpxhi P*(-l*dx*l -&+ w?tii+w s .-,pa-;* ry' I -+&.f.rw*i*% , 
Sub zone 2- 4- 2 Structural Rings at Stations XT 1624 and XT 1377 in 
the ET LH2 Cylinder, Outboard Half ( -Z  A d s  +90°). 
(General Specifications) 
Seme as Subzone 2-4-2-A below. 
I Subzone 2-4-2-A Input to Components Mounted on the Structural Rings at Stations XT 1624 and XT 1377 in the ET L H 2  i 
1 Cylinder, Outboard Half ( - Z  Axis +90°). Weight of 
" ! Component < 30 1b. 
, f 
3 
L , 1. Accc!ptance Test Criteria ( 1  minlaxis) 
Rafiial Axis Long. and Tang. Axes 
Composite = 16.1 grms Composite = 14.6 grms 
Lift-off Random Vibration Criteria (1 minlaxis) 
Radial Axis Long. and Tang. Axes 
2000 Hz @ 0.18 g2/Hz 
Composite = 32.2 grms Composite = 2 9 . 3  grms 
I 2-4-2-A (Cont . ) 
3. Boost Random Vibration Criteria ( 2  mlnlaxis) 
I 
Radial Axis Long. and Tang. Axes 
20 Hz @ 0.034 g 2 / ~ z  20 Hz @ 0.0067 g 2 / ~ z  
20 - 60 Hz @ +6 dBIoct 20 - 60 Hz @ +6 dB Ioct 
500 - 700 Hz @ 1.00 g2/Hz 460 - 800 Hz @ 0.36 g 2 / ~ z  
700 - 2000 Hz @ -10 dB1oct 800 - 2000 Hz @ -10 dB Ioct 
Composite = 26.1 g 
r m s  
L 4. Vehicle Dynamics Criteria 
Composite = 16.7 grms 
I Longitudinal Axis Lateral Axes 
- b 2 - 5 Hz @ 0.6 G1s peak* 2 - 5 Hz @ 0.8 G1s peak* 
5 5 - 40 Hz @ 0.6 G1s peak 5 - 40 Hz @ 0.8 G1s peak 
: 
i 5. Shock Test Criteria (2 shockslaxis) I 
f 
v See Table I I 
i 
* Design Criteria Only 
i 
.Subzone 2-4-2-B Input  t? Components Mounted on the  S t ruc tura l  Rings 
I a t  s ta t ions XT 1624 and XT 1377 in  t h e  ET LH2 
-,i Cylinder,  Outboard Half ( -Z  Axis t90°). Weight of Component - > 30 but  < 90 lb. 
1. Acceptance Tes t  Criteria ( 1  minlnxis) 
Radial Axis Long. and Tang. Axes 
I 20 H Z  @ 0.0021 g 2 / ~ z  20 Hz @ 0.0024 g 2 / ~ z  20 - 71 Hz @ +6 dB Ioct 20 - 42  Hz @ +6 dB1oct 
,I 71 - 280 Hz @ 0.028 g 2 / ~ z  42 - 190 Hz @ 0.fl11 g 2 / ~ z  
-' 1 280 - 490 Hz @ +9 dB1oct 190 - 340 Hz @ !-t lRi:zt 
I 490 - 800 Hz @ 0.14 g2/Hz 2 340 - 2000 H Z  F (r nc.2 g IHY 
A , 4 800 - 2000 Hz @ -6 dB Ioct 
'. Composite = 11.4 grms Compo- .te = 10.6 g 
6 : r m s  
.- .! 
. . 2. Lift-off Random Vibration Criteria ( 1  minlaxis) 
- i 
i 
i Radial A d s  Long. a1 -! la.lg. Axes 
L 
i Composite = 22.9 g Composite = 21.2  grms 
1 r m  s 
! 3. Boost Random Vibration Criteria ( 2  inin/axis) 
1 
' t  Radial Axis Long. and Tang. Axes 
500 - 700 Hz @ 0.50 g 2 / ~ z  460 - 800 Hz @ 0.18 g2/Hz 
1 700 - 2000 Hz @ - 10 dB Ioct 800 - 2000 H z  @ -10 dB ioct 
Composite = 18.5 g 
r m s  
Composite = 11.8 grms 
2- 4-2-B (Cont . ) 
, 4. Vehicle Dynamics Criteria 
Longitudinai Ads 
2 - 5 Hz @ 0.6 G1s peak* 
5 - 40 Hz @ 0.6 GIs peak 
Lateral Axes 
2 - 5 HI, @ 0.8 G I s  peak* 
5 - 40 Hz @ 0.8 GIs  peak 
5. Shock Test Criteria ( 2  shockslaxis) 
See Table I 
* Design Criteria Only 
Subzone 2- 4-2.-C Input to Components Mounted on the  Structural Riags 
at ~ t a z n s  X 1624 and X T  1371 in the ET I,H2 T 
Cylinder, Outboard Half (-2 Axis .t90°). Weignt of 
Component - > 90 1b. 
1. Accept;lncc Tcst Criteria ( 1 mi11 liixis) 
Radial Axis Long. and Tang. Axes 
Composite = 8 . 1  g 
rnls Comp~site  = 7 . 3  g rms 
2.  1,ift-off Random Vil:ri~tion Criteria ( 1  min/axie) 
Radial Axis Long. 2nd Tang. Axes 
Com!~ositc = 1 6 . 3  g 
Pins  Composite = 14.7  g r m s  
3. Boost Rucdom Vibration Criteria ( 2  mintaxis) 
Rrtdii~l Axis Long. and Tang. Axes 
45 - 280 H z  Ca 0.075  g 2 / ~ z  45  - 270 Hz @ C . ; 1 1 5  g 2 /Hz 
280 - 500 Hz @ +6 dB/oct 270 - 463 ti; @ 4-10 dR;oct 
500 - 710 H z  @ 0 .25  g 2 ! ~ z  
a 
460 - 8C'; Hi: C3 Q.090  gL/ i : z  
701) - 2300 H z  @ - 10 dB Ioct 800 - 2(' 0 Hz @ - 10 dB loct 
Cotnposjte = 13. 1 g Corr~posite = 8 . 4  g 
rms rrn s 
2-4-2-C (Cont . ) 
4. Vehicle Dynamics Criteria 
Longitudinal Axis  Lateral A x e s  
2 - 5 Hz Q 0 . 6  G's peak* 2 - 5 Hz @ 0 . 8  G's peak* 
5 - 4$ Hz @ 0 . 6  C's peak 5 - 40 Hz @ 0 . 8  G's peak 
3. Shock T e s t  Criteria ( 2  ehockslaxis)  
-3ee t a b l e  I 
* j j b  . : ip Criteria Only 
Subzone 2-4- 3 Structural Ring at Station XT 1130 in the ET LH2 
Cylinder, Outboard Half (-2 A d s  290°). (General 
Specifications) 
- - 1  Sttme as Subzone 2-4- 3-A below. 
Subzone 2-4- 3-A I n w t o  Components Mounted on the Structural Ring 
$ s t n t h  XT 1130 in the ET LH2 Cylinder, Outboard 
t H a l f  (-Z Axis 290°). Weight o f  Component < 45 lb. 
1. Acceptance Test Criteria ( 1  minlaxis) 
Hadiiil Axis Long. and Tang. Axes 
Composite = 8.3 g 
rms 
Composite = 12.6 gpms 
. I 
5 2. Lift-off Random Vibration Criteria ( 1 min!axis) 
. . 
r 
t Radial Axis Long. and Tang. Axes 
Conlpositc = 25 .2  g 
rms 
. I f  I /  
-AC =nf.W., . . ,~?& -*t-*rr:- w I r p * , + - w -  . . ~ , w m ~ c . w  q-.. r.  ** .. .. . ..y! - , .;+i-'$t&< 
2-4-3-A (Cont . ) 
3. Boost Random Vibration Criteria ( 2  rninlaxis) 1- . 
Radial Axis 7 ! Long. and Tang. Axes I f 
! 
- .  
.' t Composite = 10.0 grms Composite = 12.4 grms 
8 ; 
. !  
i 4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 Hz @ 0.6 G 1 s  peak* 2 - 5 Hz @ 0 . 8  G's peak* 
5 - 40 Hz @ 0.6 G's peak 5 - 40 Hz @ 0.8  G I s  peak 
5. Shock Test Criteria ( 2  shocks/axis) 
See Table I 
Design Criteria Only 
' * .  , ,  ! / 
,, 
~ - u * g * . v  +%mT#Lw:+y*w.&m:?3 , , 
Subzone 2-4-3-B Input t o  Components Mounted on t h e  Structural Ring 
at Station XT 1130 in  the  ET LH2 Cylinder, Outboard 
Half (-2 Axis ?go0). Weight of Component - > 45 but  
< 135 1b. .:3 ! 
? .  j ' I 1. Acceptance Test Criteria (1  minlaxis) ' $  , 
. I t ! 
' :  I Radial Axis Long. and Tang. Axes 
100 - 200 Hz @ 0.038 g 2 / ~ z  1000 - 1400 Hz @ 0.058 g 2 / ~ z  
f 200 - 250 H z  8 -9 dB/oct 1400 - 2000 Hz. ld -6 dB Ioct 
i ; Composite = 5.9 grms Composite = g r m s  
- i 
- i 2. Lift-off Random Vibration Criteria ( 1  minlads)  
: Radial Axis Long. and Tang. Axes .# I 
20 Hz 4 0.018 g 2 / ~ z  20 - 50 Hz @ 0.028 g 2 / ~ z  
20 - 100 Hz @ +4 dB/oct 50 - 1000 I-iz @ +2 dB/oct 
100 - 200 Hz B 0.15 g 2 1 ~ z  1000 - 1400 Hz @ 0.23 g 2 / ~ z  
200 - 250 Hz @ - 9 dB Ioct 1400 - 2000 Hz @ -6 dB/oct 
Composite = 11.8 grms Composite = 18.0 g 
r m s  
3. Boost Random Vibration Criteria (2 minlaxis) 
Radial AYQS Long. and Tang. Axes 
2000 H Z  @ 0.011 g 2 / ~ z  2000 I-iz @ 0.028 g 2 /Hz 
Composite = 7.0 grms Composite = 8*8 grms 
I 4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
.,, a 2 - 5 H z  8 0.6 G's peak* 2 - 5 Hz @ 0.8 G's peak* 
. . 
. \  5 - 40 Hz @ 0.6 Gts peak 5 - 40 H z  @ 0.8 G's peak 
. s 5. Shock Test Criteria ( 2  shocks/axis) 
See Table I 
. . * Design Criteria Only 
1 
Subzone 2-4-3-C I n p u t  to Components Mounted o n  t h e  S t r u c t u r a l  R ing  
at Station XT 1130 i n  t h e  ET LH2 Cyl inder ,  Outboard 
Half (-2 A d s  +90°). Weight o f  Component - > 135 lb .  
1. Acceptance T e s t  Cr i t e r i a  (1 min laxis)  
Radial A d s  Long. a n d  T a n g .  Axes  
a 250 - 1400 Hz @ 0.095 g2/Hz 2000 Hz @ 0.017 g21Hz 
1400 - 2000 Hz @ -9 d B  Ioct 
I 
. I 
2 .  ; 2000 Hz @ 0.0032 g2/Hz 
. i 
Composite = 4.2 g 
rms  
Composite = 6.5 grms 
~ . .  
' 2. Lift-off Random Vibration Cr i t e r i a  ( 1 min l ax i s )  i 
- 1 \ Radial Axis Long. a n d  T a n g .  Axes  
I i 80 - 200 Hz @ 0.075 g 2 1 ~ z  1000 - 1400 Hz @ 0.12 g21tlz 
i 200 - 250 Hz @ -9 dB1oct 1400 - 2000 Hz @ -6 d B  Ioct 
1 250 - 1400 Hz @ 0.038 g 2 / ~ z  
t 1400 - 2000 Hz @ -9  d B  Ioct 
Composite = 8.5 g 
rms 
Composite = 13.0 grms 
i 3. Boost Random Vibration Cr i t e r i a  (2  mi:lIaxis) 
I 
3 Radial A d s  Long. a n d  T a n g .  Axes  
1 20 Hz @ 0.011 g21Hz 20 Hz @ 0.0075 g 2 / ~ z  4 20 - 70 Hz @ +4 d B  Ioct 20 - 40 Hz @ +3 d B  Ioct 
70 - 175 Hz @ 0.060 g2/Hz 40 - 600 Hz @ 0.015 galHz 
175 - 300 Hz @ -10 d B  /oct 600 - 1000 Hz @ +3 dB Ioct 
300 - 1500 Hz @ 0.010 g2/Hz 1000 - 1500 Hz @ 0.025 g2/Hz 
1500 - 2000 Hz @ -6 d B / o c t  1500 - 2000 Hz @ -6 d B  loct 
Composite = 5.1  g r m  s Composite = 6. grms 
- ' 
2-4-3-C (Cont. ) 
: I 4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 Hz B 0.6 G I s  peak* 2 - 5 Hz @ 0.8 G I s  peak* 
5 - 40 Hz @ 0.6 G's pea': 5 - 40 Hz @ 0.8 GIs peak 
5. S h ~ c k  Test Criteria ( 2  shocks/ads) 
See Table I 
i * Design Criteria Only 
i i L V  ' r P  / **7*9.-'. a* : S T - . -  -; . - . ~ v ~ ~ s - * ~ ~  , ,.-, .,,, ,., .Iu'vK.-eq:-f - +&Il.l+w TPd . - -  
Zone 3 ET Inter tank 
Subzone 3-1 ET Inter tank (Stations XT 1130 t o  XT 852), Panels 
1 ,  2, and 3 (General Specifications) . 
Same a s  S ubzone 3- 1- 1 below. 
Subzone 3- 1- 1 Structural  Rings at  Stations XT 1082, XT 1034, XT 
941, and XT 897 in  Panels 1, 2, and 3 of t h e  ET 
Inter tank (General Specifications). 
3 Same a s  Subzone 3-1-1-1A below. 
L 
Subzone 3-1-1-1-A Input  to  Components mounted on Structural  Rings at 
. I XT 941 and XT 897 in  Panels 1 ,  2, and 3 of t h e  
1 
In te r tank ,  and not within ?lo0 of the  GO2 Press .  
- 
Idinelcable TrayTnstallation. Weight of Component 
< 25 lbs.  
:- I 1. Acceptance Test  Criteria (1  minlaxis) 
t 
~. 1 Radial Axis 
I 
Long. and Tang. Axes 
1 
. I 400 - 800 Hz @ 0.5 g 2 / ~ z  450 - 700 Hz @ 0.38 g 2 / ~ z  E 
i' 800 - 2000 Hz @ -12 dB1oct 700 - 2000 Hz @ - 1 2  dB Ioct 
n 
2u00 Hz @ 0.015 g21Hz 2000 Hz @ 0.0065 g 2 / ~ z  
Composite = 20.5 g 
r m s  
Composite = 14.9 grms 
2. Lift-off Random Vibration Criteria ( 1 minlaxis) 




20 Hz @ 0.011 g /Hz 20 Hz @ 0.0026 g 2 / ~ z  
20 - 60 H z  @ + 9 d B / o c t  20 - 60 Hz @ +10 dI3 Ioct 
60 - 350 Hz @ 0.3 g2/Hz 60 - 200 H Z  0.10 g 2 / ~ z  
350 - 500 Hz @ +10 dB/oct  200 - 350 Hz @ +9 dBloct  
500 - 800 H z  @ 1.0 g 2 / ~ z  350 - 800 H* @ 0.50 g 2 / ~ z  
800 - 2000 Hz @ -6 dB Ioct 800 - 2000 HZ @ -6 d B  Ioct 
Composite = 31.0 g rms Composite = 22.9 g r m  s 
3- 1- 1- 1A (Cont . ) 
3. Boost Random Vibration Criteria ( 2  mintaxis) 
Radial Axis Long. and Tang. A x ~ s  
60 - 310 H z  @ 0 .9  g 2 1 ~ z  60 - 270 H z  @ 0.2 g 2 / ~ z  
310 - 400 H z  @ +9 dB Ioct 270 - 450 H z  @ +12 dB1oct 
400 - 800 Hz @ 2.0 g 2 1 ~ z  450 - 700 Hz @ 1.5 g 2 / ~ z  
800 - 2000 H z  @ -12 dB /oct 700 - 2000 H z  @ -12 dB Ioct 
*.,- 1 Composite = 40.9 g I'iris Composite = 29.7 grms i 
1 4. Vehicle Dynamics Criteria 
: 
e Longitudinal Axis Lateral Axes 
. r 
.. 
7 2 - 5 Hz @ 0.6 3's peak* 2 - 5 Hz @ 0.8  G's  peak* 
5 - 40 Hz @ 0.6 G ' s  peak 5 - 40 H z  @ 0 .8  G's peak 
i 5. Shock Test Criteria ( 2  shockslaxis) 
i 
' :  
See Table I 
* Design Criteria Only 
' Subzone 3-1-1-1-B Input to Components mounted on Structural Rings at 
I XT 941 and XT 897 in Panels 1 ,  2, and 3 of the Inter- 
tank, and not within tlOO of the GO2 Press. Line1 
Cable ~ ray [ns t a l l d ion .  Weight of Component - > 25 
I but < 75 lbs. 
1.  Acceptance Test Criteria ( 1  min/axis) 
1 ,  
Radial A d s  Long. and Tang. Axes 
Composite = 14 .5  g Composite = 10.5  grms 
rm s 
2 .  Lift-off Random Vibration Criteria ( 1 min /axis) 
t Radial Axis Long. and Tang. Axes 
Composite = 22 g Composite = 16.2  ;;'rms 
rm s 
3. Boost Random Vibration Critcria ( 2  min/;txis) 
Raditil Axis Long. :u~d Tang. Axes 
Composite = 2 1 . 0  grms 
3-1-1-1B (Cont . j 
4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 Hz @ 0.6 G 1 s  peak* 
5 - 40 Hz @ 0.6 G's peak 
5. Shock Test Criteria (2 shocks/ads) 
See Table I 
2 - 5 Hz 8 0.8 G's peak* 
5 - 40 Hz @ 0.8 G's peak 
* Design Criteria Only 
' Subzone 3-1-1-14 Input  to Components mounted on St ruc tura l  Rings at 
XT 941 and XT 897 in  Panels 1, 2, and  3 of t h e  
In te r tank ,  and not within flOO of t h e  GO2 Press .  
t i ne l cab le  'IrayTnstallation. Weight of Component 
> 75 lbs.  
- 
1. Acceptance Tes t  Criteria ( 1 minlaxis) 
Radial A d s  Long. and Tang.  Axes 
20 Hz @ 0.028 g 2 / ~ z  20 Hz @ 0.0058 g 2 / ~ z  
20 - 30 Hz B +6 dBioct 20 - 30 Hz @ +6 dB Ioct 
30 - 310 Hz @ 0.055 g 2 / ~ z  30 - 270 Hz B 0.013 g 2 / ~ z  
310 - 400 Hz @ +9 dB1oct 270 - 450 H z  @ +12 dB loct 
, Composite = 10.3 grms Composite = 7.4 gPms 
I 
- > 
I 1 2. Lift-off Random Vibration Criteria ( 1 minloxis) 
. , 




500 - 800 Hz @ 0.25 g 2 / ~ z  350 - 800 HE @ 0.12 g2/Hz 
. i 800 - 2000 H Z  @ -6 dBloct 800 - 2000 HZ @ -6 dB 10ct 
t Composite = 15.6 grms Composite = 11.5 grms 
1 3. B m s t  Random Vibration Criteria (2  minlaxis) ( Radial A d s  Long. and  Tnng. Axes 
30 - 310 Hz @ 0.22 g2/14z 30 - 270 Hz @ 0.05 g 2 / ~ z  
310 - 400 Hz B +9 dB Ioct 270 - 450 H z  @ +12 dBloct 
2 400 - 800 H z  @ 0.5 g 1I-l~ 450 - 700 Hz @ 0.37 g2/Hz 
500 - 2000 Hz @ - 1 2  dB loct 700 - 2000 Hz @ -12 dB1oct 
Composite = 20.5 grms Composite = 14.8 grms 
3- 1- 1- 1-C (Cont . ) 
4. Vehicle Dynamics Criteria 
Longitudinal Axis Late rtil A xes 
2 - 5 H z  @ 0.6 G t s  peak* 2 - 5 H z  @ 0 . 8  G ' s  peak* 
5 - 40 Hz @ 0.6  G's peak 5 - 40 142 @ 0 . 8  G's peak 
5. Shock Test Criteria ( 2  shocks/axis) 
- i See Te.ble I 
t * Design Criteria Only 
Subzone 3- 1- 1-1-AP Input  t o  Components mounted on St1 $ ~ c t u r a l  Rings 
- --- 
a t  XT 941 and XT 897 in Panels 1.  2 and  3 of the  
I I Inter tank.  and within -+lo0 of t he  GO2 Press.  Line/ 
- -- 
Cable Tray Installation. Weight of Component 
< 25 lbs.  
1. Acceptance Test  Criteria ( 1  minlaxis) 
I 
' 3 
i Radial Axis 
' , 
Long. and Tang. Axes 
Composite = 38.5 grms Composite = 27.7 g 
r m s  
* 2. Lift-off Random Vibration Criteria ( 1  minlaxis) 
Radial Axis Long. and Tang. Axes 
I 20 Hz @ 0.011 g 2 / ~ z  20 H z  @ 0.0026 g 2 / ~ z  20 - 60 Hz @ +9 dB/oct 20 - 60 Hz @ +10 dB /oct 
Composite = 31.0 grms Composite = 22.9 
i 3. Boost Random Vibration Criteria ( 2  miniaxis) i i 
I 
Radiiil Axis Long. and Tang.  Axes 
2000 Hz @ 0.39 g 2 / ~ z  7000 Hz @ 0.39 g 2 / ~ z  
Composite = 76.9 grms Composite = 5 5 . 4  g rms 
3- 1- 1- 1-AP (Cont . ) 
4. Vehicle Dynamics Criteria 
Longitudinal Axis  Lateral Axes 
2 - 5 Hz (1 0.6 G's peak* 2 - 5 Hz @ 0.8 G's peak* 
5 - 40 Hz Q 0.6 G's peak 5 - 40 Hz @ 0.8 G's peak 
5. Shock Test Criteria ( 2  shocks/axis) 
See Table I 





Subzone 3- 1- 1- 1-3P Input to  Components mounted on Structural Rings 
. i -at XT 941 and XT 897 in Panels 1. 2 und 3 of the  I Intertank. and within ?lo0 of the  GO2 Press. Line/ 
C;lt>lc Tray Inc;titlli~tion. Weight of Component - >
25 but < 75 lbs. 
I 1. Acceptilrrcv Test Criteria (1 min/a~xis) 
R;ldii~l A d s  Idng. and Tang. Axes 
Comlmsite = 27.3  grms Composite = 19.6 g 
rrns 
i 
r r 2.  lift-off Random Vit~r:ttion Criteriii ( 1  miniaxis) 
Ri~di;~l :I hjs Long. and Tang. Axes 
Composite = 22 g 
rrns 
Composite = 16.2 g 
rrns 
9. Boost Random Vibration Criteria ( 2  minlaxis) ; 
Radir~l A d s  Long. and Tang. Axes 
Composite = 54.6 g 
rrns 
Composite = 39.2 grms 
. 
' i 
i 4. Vehicle Dynamics Criteria 
! 
i 
Longitudinal Axis Lateral Axes 
. . 2 - 5 Hz @ 0.6 G's peak* 
" 
2 - 5 Hz @ 0 .8  C's peak* 
5 - 40 H z  4 0.6 C's peak 5 - 40 Hz 64 0 .8  G's  peak 
I 5. Shock Test Criteria ( 2  shocks/axis) 
See Table I 
* Design Criterk Only 
Subzone 3- 1- 1- I-CP Input -- to Components mounted on Structural Rings 
at PT 961 and X 897 in P a n 4  1 .  2 and 3 of the  T 
Illtertunk . and within +lo0 of the GO2 Press. Line/ 
Cable Tray Inst;#llaltion. Weight of Component ? 75 
1'3s . 
Radial A s i s  Long. and Tang. Axes 
2 
' 3 4  tfz 4 0.0035 g /Hz 2 20 Hz @ 0.0038 g /Hz 
2 - i:i PZ 0 +-I d B  /act 20 - 76 112 @ +6 d B  / O C ~  
Con.[~ositia = 19.4 grrtls Composite = 13.9 g 
r m  s 
2. Lift-off H : ~ r ; ~ l o n ~  Vibration Critcriit ( 1 mi11 /axis) 
-1 
500 - -  $00 t i :  (9 0 . 2 5  g':Ilz 350 - 800 Hz @ 0.12 g2/11z 
800 - '1000 i l  . &! -1 ;  dU /act 800 - 2000 H Z  CJ -6  d B  / O C ~  
P 9 
'1000 112 (?1 11.04 g-!' . ?(I00 Hz @ 0.020 g'/Hz 
Coiit[)ositc = 15. (i g 
1.111 s 
Composite = 11.5 g r m  s 
l<iicii:rl .A xis 1.ong. and Tirng. .Axes 
I Coinpositc = 68 .8  gpnls Composite = 27.8 g rnl s 
3- 1-1- 1-CP (Cont . ) 
4. Vehicle Dynamics Criteria 
Longitudinai Axis Lateral Axes 
2 - 5 iiz 0 0.6 G's peak* 2 - 5 Ha @ 0.8 Gfs peak* 
5 - 10 Hz 8 0.6 G'a peak 5 - 40 Hz 8 0.8 G's peak 
5. Shock Test Criteriq (2  shocks1axis) 
See Table I 
Design Criteria Only 
Subeone 3- 1- 1-2-A Input to Components mounted on Structural Rings tit 
XT 1082 and XT 1034 in Panels 1, 2 and 3 of the 
Intertank, and not uithin -- ? lo0  of the GO2 Press. 
- - 
LineICuble Tray 11.t~ttllation. Weight of Component 
< 25 lbs.  
1. Acceptance Test Criteria ( 1 min/oxis) . 
Radial A d s  Long. and T a g .  Axes 
7 
60 - 350 Hz @ 0.33 g 2 / ~ z  60 - 300 Hz @ 0.075 gW/:iz 
350 - 430 Hz @ +9 dB/oct 300 - 480 Hz @ +12 dB Ioct 
Composite = 24.7 gpms Composite = 18.3 g 
rnl  s 
2. Lift-off Random Vibration Criteria ( 1  minlaxis) 
Radial A d s  Long. and Tang. Axes 
Cotnposite = 31.0 g rms Composite = 22.9 grnls 
3. Boost Random Vibration Criteria ( 2  min/;ixis) 
Rudinl Axis Long. and Tiing. Axes 
60 - 350 Hz @ 1.3 g 2 / ~ z  60 - 300 Hz Cd 0.3 g2111z 
350 - 430 Hz @ +9 dB / O C ~  300 - 480 H z  @ +I:! dB 10ct 
-> 
430 - 900 Hz @ 2.5 g 2 / ~ z  480 - 800 H z  @ 2.0 g-/Hz 
900 - 2000 112 4 - 12 dB loct 800 - 2000 IIz Ca - 12 dB Ioct 
2000 H Z  @ 0.11 g 2 / ~ z  PUOO Hz B 0.06 p21~1z 
Composite = 49.1 grms Composite = 36.5 grnls 
I 3- 1- 1-2-A (Cont . ) 
, , 4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
- .  
2 - 5 Hz @ 0.6 Ci's peak* 2 - 5 Hz @ 0.8 G 1 s  peak* 
+ 5 - 40 Hz @ 0.6 GIs peak 5 - 40 Hz @ 0.8 G 1 s  peak 
5. Shock Test Criteria (2 shocks/axis) 
See Table I 
* Design Criteril Only 
I r 
' '4!, . . t 
-,w &.,AH. -a*.  -4:: ...7.+v./.*e-.a - .  8 .  J i)cLJ&.rr-&*nn-~*: -.,-. -:: C..4--.".".r.-,*-q-U7.. -,-. *'-.,"-- i -g  Subzone 3-1-1-2-B Input to  Components Mounted on Structural Rings at XT 1082 + XT 1034 in Panels 1 ,  2 and 3 of the Inter- - 
tank, and not within ?lo0 of the GO2 Press. Line/ 
- g Cable Tray Installation. Weight of Component - > 25 but 1 
.c 75 lb. $ ! 
.-\ 
C 
. , ? 1. Acceptance Test Criteria ( 1  minlaxis) ': 9 i 
i 
I 
. , Radial A-?cis Long. and Tang. Axes 
Composite = 17.1 g r m s  Composite = 13.2 grms 
2. Lift-off Random Vibration Criteria ( 1  minlads) 
. . Radial A d s  Long. and Tang. A d s  
Composite = 22 g rms Composite = 16.2 grms 
Boost Random Vibration Criteria ( 2 min laxis) 
Radial Axis Long. and Tang. Axes 
Composite = 34 .2  grms Composite = 26.4 grms 
3-1- 1-2-B (Cont . ) 
, :  1 
I 4. Vehicle Dynamics Criteria 
! Longitudinal Axis Lateral Axes 
'.', 4 
I .  
. . 
2 - 5 Hz @ 0.6 G1s peak* 2 - 5 Hz @ 0.8 GIs peak* 
, t 5 - 40 Hz @ 0.6 G1s peak 5 - 40 Hz @ 0.8 G 1 s  peak 
I 
. s 
5. Shock Test Criteria ( 2  shocks/axis) 
, , See Table I 
f 
I 1 * Design Cmteria 011ly 
Subzone 3-1- 1-2-C Input to Components Mounted on Structural Rings ~t 
XT 1082 and XT 1034 in Panels 1, 2 and 3 of the  
Intertank, and not within +lo0 of the  GO2 Press. 
Line /Cable ~ r a ~ I n s t a l l a t i o n .  Weight of Component 
-', 7 5 lb . 
- 
1. Acceptance Test Criteria (1  minlaxis) 
Radial Axis Long. and Tang. Axes 
2 20 Iiz @ 0.038 g /Hz 2 20 Hz @ 0.0083 g / H z  
20 - 30 Hz @ t 6  dB1oct 20 - LU H z  @ t 6  dBloct 
30 - 350 H z  @ 0.08 g 2 / ~ z  30 - 300 Hz @ 0.019 g 2 / ~ z  
350 - 430 Hz Cd +9 dB Ioct 300 - 480 Hz @ t12 dB loct 
5. 
Composite = 1 2 . 1  g Composite = 9.4 g 
'k: rms r m  s 1 2. Lift-off Random Vibration Criteria ( 1  minlaxis) 
Radial Axis Long. and Tang. Axes 
h: 38 - 350 Hz @ 0.075 g 2 1 ~ z  2 1 40 - 200 Hz @ 0.025 g /Hz i 350 - 500 Hz  @ +10 dT: Ioct 200 - 350 H z  @ t 9  dBloct 
Composite = 15.6 grms Composite = 11.5 g r m s  
3. Boost Random Vibration Criteria ( 2  minlaxis) 
Radial Axis tong.  and Tang. Axes 
430 - 900 H z  @ 0.6 g 2 / ~ z  480 - 800 H z  @ 0.5 g 2 / ~ z  
900 - 2000 H Z  @ - 12  dB / O C ~  800 - 2000 H Z  @ -12 dB Ioct 
Composite = 24 .2  grms Composite = 18.7 g rrijz 
3- 1- 1- 2-C (Cont . ) 
4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 Hz @ 0-6 G 1 s  peak* 2 - 5 Hz @ 0.8 G ' s  peak* 
5 - 40 Hz @ 0.6 G 1 s  peak 5 - 40 Hz @ 0.8 C1s peak 
5. Shock Test Criteria '2  shockslaxis) 
See Table I 
* Design Criteria Only 
Subzone 3-1-1-2-AP Input to  Components Mounted on Structural Rings 
at XT 1082 and XT 1034 in Panels 1,  2 and 3 of the 
Intertank, and within -- flOO of the GO2 Press. Line/ 
Cable Tray Installation. Weight of Component < 
25 lb. 
1. Accepiance Test Criteria ( 1  mintaxis) 
Radial Axis Long. and Tang. Axes 
Composite = 39.5 grms Composite = 3 1 . 6  grms 
2. Lift-off Random Vibration Criteria ( 1 min /axis) 
Radial Axis Long. and Tang. Axes 
Composite = 31.0 grms Composite = 22.9 grms 
I 3. Boost Random Vibration Cr i t e r i a  ( 2  minlaxis)  
1 Radial Axis Long. e n d  Tang. Axes 
t ! 
60 - 120 Hz @ 1 .3  g 2 / ~ z  200 - 300 Hz @ 0.9 g 2 / ~ z  
120 - 210 Hz B +6 dB1oct 300 - 500 Hz @ +12 d!: Ioct 
2 210 - 400 tiz GI 4.0 g /HZ 500 - 700 Hz @ 6.0 g 2 / ~ z  
100 - 480 Hz 8 +9 dB Ioct 700 - 2000 d z  @ -9 dB Ioct 
480 - 900 Hz @ 7.0 g 2 1 ~ z  
900 - 2000 Hz C -12 d E  Ioct 
Composite = 79.0 grms Composite = 63.2 grms 
4. Vehicle Dynamics Cr i t e r i a  
Longitudinal  Axis Lateral  Axes  
2 -  5 H z  @ 0 . 6 G t s p e a k *  2 - 5 Hz @ 0 . 8 G 1 s p e a k *  
5 - 40 Hz 4 0.6 G's peak  5 - 40 Hz @ 0.8 GIs peak  
5. Shock T e s t  Cr i ter ia  ( 2  shocks lax i s )  
See Table  I 
* Design Cr i t e r i a  Only 
Subzone 3- 1- 1-2-BP Input to Components Mounted on Structural Rings 
at XT 1082 and XT 1034 in Panels 1. 2. and 3 of 
the Intertank, and within ?lo0 of the GO2 Press. 
LineICable Tray Installation. Weight ot Component 
:. 25 but < 75 lb. 
- 
1. Acceptance Test Criteria (1  minlaxis) 
Radial Ax i s  Long. and Tang. Axes 
210 - 400 Hz @ 0.5 g 2 / ~ z  500 - 700 Hz @ 0.75 g 2 / ~ z  
400 - 480 Hz @ +9 dB/oct TOO - 2000 Hz @ - 9  dB/oct 
Composite = 28.3 grms Composite = 22.5 grms 
2. Lifi-off Random Vibration Criteria ( 1 min /axis 
i 
5 Radial A x i s  Long. and Tang. Axes 
Composite = 22 grms Composite = 16.2 grms 
3. Boost Random Vibration Cri ter ia  (2  minlads) 
Radial A x i s  Long. and Tang.  Axes 
20 HZ o 0.15 g 2 / ~ z  20 Hz @ 0.064 (g2/Hz 
20 - 42 Hz @ +6 dB10ct 20 - 140 Hz Q +3 dB1oct 
42 - 120 Hz @ 0.65 g2/Hz 140 - 300 Hz Q 0.45 g 2 / ~ z  
120 - 210 Hz @ +6 dB/oct 300 - 500 Hz @ +12 dB1oct 
210 - 400 Hz @ 2.0 fg2/Hz 500 - 700 HZ 0 3.0 g 2 / ~ z  
400 - 480 Hz @ +9 dB Ioct 700 - 2000 Hz @ -9 dB/oct  
480 - WO Hz @ 3.5 g21Hz 2000 Hz @ 0.14 g21Hz 
I 900 - 2000 Hz @ -12 dBloc t  
I 
I 2000 Hz B 0.15 g 2 ~ ~ z  
I Composite = 56.5 gms Composite = 44.9 grms 
i 
L 
4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
t 2 - 5 Hz @ 0.6 G's peak* 2 - 5 Hz @ 0.8 G's peak* 
t 5 - 40 Hz @ 0.6 Gvs peak 5 - 40 Hz @ 0.8 G's peak  
. I 5. Shock Test Criteria ( 2  shockslards) 
See Table I 
. f 
* Design Criteria Only 
;rr Far F c r c  ---  
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.' 
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a 
Subtone 3-1-1-2-CP Input to Compnents Mounted on Structural Rings 
at  XT 1082 and XT 1034 in Panels 1,  2 and 3 of the 
Intertank. and within ?LO0 of the GO2 Press. Unel  
Cable Tray Installation. Weight of Component - ; 
75 lb. -2 P 
P 
2 
1. Acceptance Test Criteria ( 1  min laxis) 1 
Radial A x i s  Long. and Tang. Axes S d 
. . 20 Hz @ 0.038 g2/Hz 20 HE @ 0.011 g 2 / ~ z  1 20 - 30 Hz @ +6 d B / ~ t  20 - 100 Hz @ +3 dB Ioct i 
i 30 - 120 Hz @ 0.08 g2!Fiz 100 - 300 Hz @ 0.055 g 2 1 ~ z  
120 - 210 Hz @ +6 dB/oci 300 - 500 Hz @ +12 dB Ioct 
'1  2 
210 - 400 Hz @ 0 . 2 5  g /Hz 500 - 700 Hz @ 0.38 g21Hz 
40C - 480 Hz @ +9 dB10ct 700 - 2000 HZ @ -9  dB /mt  
Composite = 19.8 grms Composite = 15.6 grms 
2. Lift-off Random Vibration Criteria ( 1 min laxis) 
Composite = 15.6 g Composite = 11.5 g r m s  r m s  
3. Boost Random Vibration Criteria ( 2  minlaxis) 
Radial A d s  Long. and Tang. A x e s  
Composite = 39.5 grms Cmposite = 31.1 grms 
4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 Hz @ 0.6 G's peak* 2 - 5 Hz @ 0 . 8  C's peak* 
5 - 40 Hz @ 0.6 G's peak 5 - 40 H z  @ 0.8 G's peak 
5. Shock Test Criteria ( 2  shocks/ards) 
See Table I 
* Design Criteria Only 
Subzone 3- 1- 2 Structural Ring at Station XT 985 in Pnsels 1, 2 ,  and 
3 of the ET Intertank (General Specit icat~ms) 
Si~mc as Subzone 3- 1- 2-A below. 
Subzone 3-1-2-A l 9 u t  to Cornponcnts hlounted on Structural Ring at 
XT 985 in Panels 1, 2 and 3 of the Intertank, and 
not within 210" of the GO2 Press. LineICable Tray 
-
-- 
Installation. Weight of Component < 30 lb. 
1. Acceptance 'rest Criteri:~ ( 1 min /axis) 
R:idi;~l A - u s  Idng. a?d 'ritng. Axes 
Composite = 14.7 g 
r m s  
Composite = 10.4 grms 
2. Lift-off Random V'ibriition Criteria ( 1 minlaxis) 
Riidial Axis 
: 
i 240 - 800 H z  @ 0.15 g 2 / ~ r  
800 - 2000 Hz @ -6  dB ioct 
Long. and Tang. Axes 
Composite = 16.2 g 
r m s  
3. Boost Random Vibration Criteria (2 miniaxis) 
Radial A x i s  Long. and Tang. Axes 
2000 Hz @ 0.096 g 2 / ~ ~  
Composite = 29.3 g 
r m s  
- .  
I 
I 4. Vehicle Dynamics Criteria 
2000 H z  @ 0.027 g 2 / ~ z  
Composite = 20.8 grms 
! Longitudinal Axis Lateral Axes 
i 
. 1 
t 2  - 5 Hz @ 0.6 G's  peak* 2 - 5 H z  @ 0.8 G's peak* 
I 5 - 40 Hz @ 0.6 G's peak 5 - 40 Hz @ 0.8 G's peak 
8 
i 5.  Shock Test Criteria ( 2  shocks/axis) 
I 
i See Table I 
, i 
t 
i * Design Criteria Only 
Subzone 3- 1-2-B Input  t o  Components Mounted o n  St ruc tura l  Ring at 
XT 985 in Panels 1. 2 and  3 of t h e  Inter tank.  and  
n i t  within +lo0 of t h e  GO2 Press .  LineICable T r a y  
- 
Installation. Weight of Component - > 30 bu t  < 90 lb.  
. - 
1. Acceptance Test  Criteria (1 minlaxis) 
t 
Radial Axis Long. and  Tang. Axes 
Composite = 11.3 g Composite = 7.2 g 
FIII s r m s  
. > 
- .  2. Lift-off Hundoni Vibration Criteria ( 1 min /axis) 
Ri~dial Axis Long. and Tang. Axes 
2 40 - 200 1Jz 4 0.15 g /Hz 2 42 - 200 I i z  @ 0.025 g /Hz 
200 - 240 Hz @ -12 dB/oct 200 - 350 Hz @ +9 dB/oct  
2 240 - 800 Iiz @ 0.075 g /Hz 350 - 800 Hz @ 0.12 g 2 / ~ z  
800 - 2000 H Z  @ - 6  dU /act 800 - 2000 H Z  @ -6 dB /act 
2 2000 llz (? 0.012 g /Hz 3000 Hz @ 0.020 g 2 / ~ ~  
Composite = 10.4 g Composite = 11.4 g 
rills r m s  
3. Hoost Random Vibrt~tion Criteria ( 2 minlaxis) 
K:~dii~l A xis  1,ong. and Tang. Axes 
2 43 - 340 llz @ 0.23 g /Hz 2 43 - 250 Ilz @ 0.05 g /Hz 
340 - 500 112 @ +6 dB /act 250 - 450 If 2 @ +9 dB I O C ~  
2 500 - 800 Hz B 0.5 g /Hz 450 - 700 Hz @ 0.3 galHz 
800 - 2000 Hz @ -9  dB / O C ~  700 - 2000 ilz @ - 9  dB / O C ~  
Conlpositc = 22.5 g 
rnl s Composite = 14.4 grms 
. 17 
9 -7, . .
%.%**..z*w. 9 Z*<T . ..4=%,&?- we,.*-% - - 
. .---. , ~ *-m*-ar. '.'-r?m- 
3- 1- 2-B (Cont . ) 
4. Vehicle Dynamics Criteria 
. - Longitudinal Axis 
2 - 5 H z  @ 0.6 G I s  peak* 
5 - 40 H z  @ 0.6 G I s  peak 
5. Shock Test Criteria ( 2  shockslaxis) 
Lateral Axes 
2 - 5 Hz @ 0.8 G I s  peak* 
5 - 40 H z  O 0.8 G I s  peak 
I See Table I 
* Design Criteria Only 
Subzone 3-1-2-C Input to Components Mounted on Structurnl Ring at 
XT 985 In  Panels 1, 2 and 3 of the Intertank, and 
not within t l O O  of the GO2 Press. LinelCable Tray 
- 
Installation. Weight of Component - > 90 lb. 
1. Acceptance Test Criteria ( 1  minlaxis) 
Radial Ax i s  Long. and Tang. Axes 
Composite = grms Composite = 5.1 grms 
2. Lift-off Random Vibration Criteria (1 minlaxis) 
Radial A d s  Long. and Tang. Axes 
Composite = 7.4 g Composite = 8.1 grms 
r m s  
3. Boost Random Vibration Criteria (2 minlads) 
Radial A x i s  Long. and Tang. Axes 
20 Hz @ 0.051 g2/Hz 20 rlz @ 0.011 g 2 1 ~ z  
20 - 30 Hz @ +6 dB /oct 20 - 30 Hz  @ +6 dB Ioct 
30 - 340 Hz @ 0.11 g2/Hz 30 - 250 Hz @ 0.025 g2111z 
I 340 - 500 Hz @ +6 dB loct 250 - 450 Hz @ +9 dB/oct 
500 - 800 Hz @ 0.25 g21Hz 450 - 700 Hz O 0.15 g 2 / ~ z  
800 - 2000 H Z  @ - 9  dBloct 700 - 2000 H z  @ - 9  dB /oct 
Composite = 14.7 g Composite = 10.2 g 
rms rms 
3- 1- 2-C (Cont . ) 
4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 Hz B 0.6 GIs peak* 2 - 5 Hz 0 0.8 G's peak* 
5 - 40 Hz 0 0.6 G1s peak 5 - 40 Hz @ 0.8 G 1 s  peak 
5. Shock Test Criteria ( 2  shocks/axis) 
See Table I 
* Design Criteria Only 
Subzone 3-1-2-AP Input - to Components Mounted on Structural Ring at 
kT 985 in Panels 1, 2 and 3 of the Intertank, and 
within flOO of the GO2 Press. LineICable Tray 
Installation. Weight of Component < 30 lb. 
:. . * 
1. Acceptance Test Criteria (1 minlaxis) 
Radial A x i s  Long. and Tmg.  Axes 
Composite = 27.3 grms Composite = 18.9 grms 
i j 2. Lift-off Random Vibration Criteria (1 minlaxis) 
Radial Axis Long. and Tang. Axes 
! 
Composite = 14.6 g 
r m s  
Composite = 16.2 grills 
; 3. Boost Random Vibratim Criteria (2 minlaxis) 
I 
I Radial A d s  Long. and Tang. Axes 
Composite = 54.5 grms Composite = 37.7 grms 
4. Vehicle Dynamics Criteria 
Longitudinal Axis 
2 - 5 He (il 0 . 6  G's peak* 
5 - 40 Hz 8 0 . 6  G's peak 
5. Shock Test Criteria ( 2  shocks/axis) 
See Table I 
* Design Criteria Only 
Lateral Axes 
2 - 5 Hz B 0 .8  G1s peak* 
5 - 40 Hz @ 0 . 8  G's peak 
f f' .r,,v . 
A 
.," . ' , 
- r  * - 9 . .  . , . . . , . , . , . . ,  , , ,  . ,.-. # , (  . - f 
Subzone 3- 1-2-BP Input to Components Mounted on Structural Ring at 
XT 985 in Panels 1 ,  2  and 3 of the Intertank, and 
within t l O O  of the GO2 Press. LineICable Tray 
Installation. Weight of Component - > 30 but < 90 lb. 
1.  Acceptance Test Criteria ( 1  minlaxis) 
'I R ~ d i a l  A x i s  Long. and Tang. Axes 
Composite = 1 9 . 4  grms Composite = 1 3 . 2  g rms 
2 .  Lift-off Random Vibration Criteria (1 mintaxis) 
i Radial Axis Long. and Tang. Axes 
4 Composite = 1 0 . 4  g rms Composite = 1 1 . 4  grms 
1 3. Boost Random Vibration Criteria ( 2  minlaxis) 
1 
C Radial Axis Long. and Tang. Axes 
Composite = 38.8 g rms Composite = 2 6 . 4  grms 
4. Vehicle Dynamics Criteria 
Longitudinal A d s  L~ieral  Axes 
2 - .5 Hz @ 0.6 G's peak* 2 - 5 Hz @ 0 . 8 G 1 s  peak* 
5 - 40 Hz @ 0.6 G's peak 5 - 40 Hz @ 0 .8  G's peak 
5. Shock Test Criteria ( 2  shocks/axis) 
See Table I 




i Subzone 3-1-2-CP wit -- to Components Mounted on Structural Ring at \ XT 985 in Panels 1 ,  2 and 3 of the Intertank. and within .- +10° of the GO2 Press. LineICebie Tray 
t 
I 
Installation. Weight of Cornpalent 2 90 lb. 
1. Acceptance Test Criteria ( 1  mintaxis) 
I 
. b Radial Axis Long. and Tang. Axes 
Composite = 13.8 grms Composite = 9.5 g 
r m s  
2. Lift-off Random Vibrt~tion Criteria (1  nlin/t~xis) 
Radial Axis Long. and Tang. Axes 
2 3 20 Idz Ca 0.019 g. /Hz 20 Iiz @ 0.0013 ;-/Hz 
20 - 32 H z  @ +9 dB/oct 20 - 30 Hz @ +lOdB/oct  
32 - 200 Hz @ 0.075 g 2 / ~ l z  2 20 - 200 Hz B 0.012 g /Hz 
300 - 240 Hz 3 -12 dB /act 200 - 350 Hz @ +9 dB/oct 
210 - 800 H z  @ 0.038 g 2 / ~ z  2 350 - 800 Hz @ O.OGi) g /Hz 
800 - 21100 112 @ -6 dU/oct 800 - 2000 Hz 8 - 6  dH /act 
3 
2C00 Hz 3 0.006 g"/Hz 2UOO H z  B 0.010 g 2 / ~ z  
Coniposite = 7.4 g Conlpositc = 8. 1 g 
rni s r n ~  s 
Boost Ra~doni Vibration Criteria ( 2  min / :~xis)  
Radial Ax is  Long. and Tang. Axes 
2 GOO - 1000 H Z  e 0.75 g / H Z  500 - 900 Hz B 0.43 g 2 / ~ ~  
1000 - 2000 ~ I Z  @ -12 d~ I O C ~  goo - 2000 H Z  CJ - 1 2  ~ B I O C ~  
Con~positc = 27.5 g .nls Con~posite = 19.0 g 
rms 
1 . ;  
I-' 
_.I i-::  1 .*:a
: 
3- 1-2-CP (Cont . ) 
4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 Hz @ 0.6 G's peak* 2 - 5 Hz @ 0.8 G's peak* 
5 - 40 Hz @ 3.6 G's peak 5 - 40 Hz @ 0.8 G's peak 
5. S~wck Test Criteria (2 shockslaxis) 
See Tstie I 
* Design Criteria Only 
. I /  
,-e *.*: r - . w . -  ,,C*+ZL..~a'IBr--*.T'~ .," -. - - $ 1 -  - -  
Subzone 3-3 ET Intertank (Stations XT 1130 to XT 852) Panels 
4 and 5. (General Specifications) 
Same as  Subzone 3-2-1-A below. 
S ~ b z o n e  3-2-1 Structural Rings at Stations XT 1082, XT 1034, XT 
941, and XT 897 in Panels 4 and 5 of the ET Intertank. 
(General Specifications) 
Same as Subzone 3-2-1-A below. 4 .  E 
Subzone 3-2-1-A Input to  Corn-mnents Mounted on Structural Rings at 
Stations XT 1082, XT 1034, XT 941 and XT 897, in 
Panels 4 and 5 of the ET Intertank. Weight of 
Components < 50 lb. 
1. Acceptance Test Criteria (1 miniaxis) 
Radial Axis Long. and Tang. Axes 
Composite = 21.6 g 
rrns 
Composite = 37.6 gms 
2. Lift-off Random Vibration Criteria (1 minlaxis) 
Radial A d s  Long. and Tang. Axes 
2000 Hz  B 0.015 g 2 / ~ ~  36n - 2000 Hz @ 0.12 g 2 / ~ z  
Composite = 9.7 g 
rrns 
Composite = 14.8 grms 
3- 2- 1-A (Cont . ) 
3. Boost Random Vibration Criteria (2  mintaxis) 
Radial Axis Long. and Tang. Axes 
Composite = 43.2 grms Composite = 75.3 grmS 
4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 H z  3 0.6 G's peak* 2 - 5 H z  @ 0.8 G I s  peak* 
5 - 40 Hz (2 0.6 G I s  peak 5 - 40 Hz @ 0.8 G's  peak 
5. Shock Test Criteria (2 shocks/axis) 
See Table I 
* Design Criteria Only 
Subzone 3-2-1-B Input to Components Mounted on Structural Rings at 
Stations Xt 1082. Xt 1034. Xt 941 and Xt 897. in 
Panels 4 and 5 of the ET Intertank. Weight of 
Component - > 50 but < 150 lb. 
1. Acceptance Test Criteria (1  minlaxis) 
Radial Axis Long. and Tang. Axes 
4 0 -  2 0 0 H z  B 0 . 3 8 g 2 / ~ z  400 - 900 Hz @ 0 .87  g 2 l ~ z  
200 - 2000 Hz 8 -3  dB ioct 800 - 2000 Hz @ - 10 dB loci 
Composite = 15.4 grms Composite = 26.6 grms 
! 2. Lift-off Random Vibration Criteria ( 1  minlaxis) 
ReGial AJ& Long. and Tang. Axes 
2000 Hz @ 0.0075 g2/Hz 360 - 2000 Hz @ 9.062 gelHz 
Composite = 6.9 g Composite = 10.5 g 
r m  s r m s  
i 3. Boost Random Vibration Criteria ( 2  minlaxis) 
: 
Radial Axis Long. and Tang. Axes 
Composite = 30.7 grms Composite = 53.2 grms 
4. Vehicle Dynamics Criteria 
1,ongit ildinal A d s  Lateral Axes 
? - 5 H z  @ 0 . 6  C1s peak* 2 - 5 Hz @ 0.8 G I s  peak* 
5 - 40 H z  @ 0 . 6  G ' s  peak 5 - 40 H z  @ 0 . 8  C's peak 
3-2- 1-B (Cont . ) 
5. Shock Test Criteria ( 2  shockslaxis) 
See Table I 
* Design Criteria Only 
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Subzone 3-2-1-C Input to Componmts Mounted on Structural Rings at 
Stations Xt 1082, Xt  1034, Xt 94: and X 897, in t 
Panels 4 and 5 of the ET Intertank. Weight of 
Components - > 150 1b. i 
i 
1. Acceptance Test Criteria (1 mintaxis) 
Radial Axis Long. and Tang. Axes 
Composite = 10.9 grms Composite = 18.8 grms 
t 2. Lift-off Random Vibration Criteria ( 1 min /zxis) t Radial Axis Long. and Tang. Axes 
Composite = 4.9 grms Composit~ = 7.4 grms 
3. Boost Random Vibration Criteria ( 2  mintaxis) 
Radial Axis Long. and Tang. Axes 
32 - 200 H z  @ 0.75 g 2 / ~ z  400 - 800 Hz @ 1.75 g 2 / ~ z  
200 - 2000 Hz @ -3 dB toct 800 - 2000 Hz @ -10 dB Ioct 
Composite = 21.8 grms Composite = 37.7 grms 
4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 H z  @ 0.6 G's peak* 2 - 5 Hz 4 0.8 G t s  peak* 
5 - 40 Hz @ 0.6 G's peak 5 - 40 Hz @ 0.8 G's peak 
5 .  Shock Test Criteria ( 2  shocks/axis) 
See Table I 
* Design Critaria Only 
S ubzone 3- 2- 2 Structural Ring at Station Xt 985 in Panels 4 and 5 of 
the ET Intertank. (General Specifications) 
Same as Subzone 3- 2- 2-A below. 
Subzone 3-2-2-A Input to Comporlents Mounted on Structural Ring at 
Station Xt 985 in Panels 4 and 5 of the ET Intertank. 
Weight of Components < 75 Ib. 
1. Accepiiince Test Criteria ( 1 minlaxis) 
Radial A d s  Long. and Tang. Axes 
Composite = 11.2  grms Composite = 19 .0  grms 
2. Lift-off Random Vibration Criteria ( 1  minlaxis) 
Radial Axis Long. and Tang. Axes 
50 - 200 Hz @ 0 . 0 4  g2/Hz 2 60 - 230 Hz @ 0.0080 g /Hz 
$ 200 - 20C2 H z  @ - 3  d B  !oct 230 - 360 I l z  @ +10 dB/oct 
Composite = 5 . 0  grms Composite L i. 9 grms 
Boost Random Vibration Criteria ( 2  miniaxis) 
Rndial Axis Long. and Tang. Axes 
Composite = 22. 3  g 
rm-: Composite = 3 8 . 1  grmj 
3-2-2-A (Cont . ) 
4. . Vehicle Dynamics Criteria 
Longitudinal A d s  Lateral Axes 
2 - 5 H z  8 0.6 G's peak* 2 - 5 Hz Q 0.8 GIs peak* 
5 - 40 Hz B 0.6 G's peak 5 - 40 Hz Q 0.8 G 1 s  peak 
5. Shock Test Criteria (2 ahocks/axis) 
See Table I 
* Design Criteria Only 
Subzone 3-2-2-B Input to Components Mounted on Structural Ring at 
Station Xt 985 in panels 4 and 5 of the ET Intertank. 
Weight of Components - > 75 but < 225 lb. 
1. Acceptance Test Criteria (1  mintaxis) 
Radial Axis Long. and Tang. Axes 
Composite = 
**  O grms Comp~site = 13.4 grms 
w-' 2. Lift-off Random Vibration Criteria ( 1 min laxis) 
I Radial A d s  Long. and Tang. Axes 
I 40 - 200 Hz @ 0.02 g2/Hz 48 - 230 Hz @ 0.0038 g2/Hz 
f 200 - 2000 H Z  @ - 3  dB Ioct 230 - 360 Hz @ +10 dB Ioct 
. I Composite = 3 0  grms Composite = 5.5. grms 1 3. Doost Random Vibration Criteria ( 2  minlaxis) 
Radia: Axis Long. and Tang. Axes 
20 Hz @ 0.05 g 2 1 ~ z  20 - 200 Hz @ 0.090 g2/Hz 
g 20 - 40 Hz @ +9 d B  / O C ~  200 - 400 H Z  @ +10 d / O C ~  
Composite = 16.0 grms Composite = 26.8  grms 
3-2-2-B (Cont . ) 
4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axis 
2 - 5 H z  0 0.6 Gfs peak* 2 -  5 H 2  @ 0 . 8 G t s p e a k *  
5 - 40 H z  (B 0.6 Gfs peak 5 - 40 H z  d 0.8 G's peak 
5.  Shock Test Criteria ( 2  shocks/axis) 
' I  I See Table I 
, I * Design Criteria Only 
! 1. Acceptance Test Criteria (1 minlaxis) 
't 
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Radial Axis Long. and Tang. Axes ! 
i 
' i 
' $  
i 
' I 20 H Z  @ 0.013 g 2 ~ ~ z  20 - 200 H Z  0.011 g 2 / ~ z  
\ 
20 - 32 H z  @ +9 dB Ioct 200 - 400 Hz @ +10 dB1oct 
32 - 200 Hz @ 0.05 galHz 400 - 800 H z  @ 0.11 g 2 / ~ z  
I 
, ; 200 - 2000 Hz @ - 3  dB1oct 800 - 2000 H z  @ -10 dB/oct 
Subzone 3-2-2-C Input to Components Mounted on Strcutural Ring at 
Station Xt  985 in Panels 4 and 5 of the ET Intertank 
- I Composite = 5 * 7  grms Composite = 
' i 
' a 5  grms 
2. Lift-off Random Vibration Criteria ( 1 min /axis) 
I Weight of Components - > 225 lb. 
! Radial Axis Long. and Tang. Axes 
I 
20 H z  @ 0.0026 gR/Hz 20 Hz @ 0.00030 galHz 
20 - 32 Hz @ +9 dB1oct 20 - 38 H z  @ +9 dB Ioct 
32 - 200 H z  @ 0.01 g 2 / ~ z  38 - 230 H z  @ 0.0032 g 2 / ~ z  
200 - 2000 H z  @ - 3  dR Ioct 230 - 360 H z  @ +10 dB1oct 
Co~posi te  = 2.5 g 
rms 
Composite = 5.0 g,?ms 
3. Boost Random Vibration Criteria ( 2  minlaxis) 
Radial Axis Long. ,and Tang. Axes 
$ 
, 32 - 200 Hz @ 0.2 g 2 / ~ z  400 - 800 H z  @ 0.45 g 2 / ~ z  
200 - 2000 H z  @ -3  13 Ioct 800 - 2000 H z  @ -10 dB1oct 
Composite = 11.3 grms Composite = 19.0 grms 

Subzone 3-2- 3 SHB Ream at Station XT 985 of the ET Intertank. 
(General Specifications) 
Same as Subzone 3-2-3-A below. 
S u ~ z o n e  3-2-3-A Input to Components Mounted on the SRB Beam at 
Station XT 985 of the ET Intertank. 
1. Acceptance Test Criteria (1  miniaxis) 
Xt and Z t  Axes Y t  Axis 
Composite = 9.7 g 
r m  s 
Composite = 
' w 8  grms 
2. Lift-off Random Vibration Criteria ( 1 min /axis) 
K t  and Z Axes t Y t  Axis 
10 H z  O 0.00077 g 2 1 ~ z  20 Hz @ 0.00064 g2/Hz 
20 - 65 Hz @ +9 dB/oct 20 - 120 Hz @ +4 d B  Ioct 
360 - 2000 Hz Cd 0.012 g 2 / ~ z  500 - 600 H z  @ 0.027 g 2 / ~ z  
800 - 2000 Hz @ - 6  dB Ioct 
Composite = 5 .0  g 
r m 3  Composite = 5.0 grms 
3. Boost Random Vibration Criteria ( 2  minlaxis) 
Xt  and 2t Axes Yt  Axis 
Composite = 19.4 g 
r m s  
4. Vehicle Dynamics Criteria 
Longitudinal Axis 
2 - 5 Hz @ 0 .6  G's peak* 
5 - 40 Hz @ 0.6 G ' s  peak 
5. Shock Test Criteria ( 2  shocks/axis) 
See Table I 
Design Criteria Only 
Composite = 19.7 grms 
Lateral Axes 
2 - 5 Hz @ 0 .8  G's peak* 
5 - 40 Hz @ 0 .8  G's peak 
Subzone 3-3 ET lntertank (Stations Xt 1130 to  Xt  852). Panels 6. 
7, and 8 (General Specifications) 
Same as  Subzone 3-3-1-A below. 
Subzone 3- 3- 1 Structural Rings a t  Stations Xt 1082, Xt 1034 (Partial), 
Xt 941. and Xt 897 in Panels 6. 7. and 8 of the ET 
Intertank (General Specifications) 
Same as S ubzone 3- 3- 1-A below. 
Subzone 3-3-1-A Input to Componezlts Mounted on Structural Rings at 
Stations Xt  1082, Xt 1034 (Partial). X t  941 and X t  
897 in Panels 6, 7, and 8 of the ET Intertank. Weight 
of Component < 25 lb. 
1. Acceptance Test Criteria ( 1  minlads) 
Radial Ax i s  Long. and Tang. Axes 
Composite = 14.8 g Composite = 10.5 g 
r m s  r m s  
2. Lift-off Random Vibration Criteria (1 mintaxis) 
! Radial Axis Long. and Tang. Axes 
site = 29.6 grms Composite = 21.0 grnls 
3-3- 1-A (Cont . 1 
3. Boost Random Vibration Criteria ( 2  m i n i a x i s )  
Radial Axi s  Long. and Tang.  A x e s  
Composite = 26.7 gms Composite = 17.7 grms 
4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral A x e s  
2 - 5 Hz @ 0.6 C 1 s  Peak* 2 - 5 Hz @ 0 . 8  G's peak* 
5 - 40 H a  O 0 . 6  G's  peak 5 - 40 Hz @ 0 . 8  G's peak 
5. Shock T e s t  Criteria 
See Table I 
Design Criteria Only 
Subzone 3-3-1-B Input to Components Mounted on Structural Rings at 
stations Xt  1082. Xt 1034 (Partial), Xt 941 and Xt  
897 on Panels 6. 7 ,  and 8 of the ET Intertank. Weight 
of Component - > 25 but < 75 lb. 
1. Acceptance Test Criteria ( 1 min laxis) 
Radial Axis Long. and Tang. Axes 
i Composite -- 10.6 grms Composite = 11.4 grms 
. I 
2. Lift-off Random Vibration Criteria ( 1 min /axis) 
- i 
i Radial A i s  Long. and Tang. Axes 
Composite = 21.1 grms Composite = 22 .7  g 
r m s  
3. Roost Random Vibration Criteria ( 2  minlaxis) 
Radial Axis Long. and Tang. Axes t 
-5 
Composite = 19.0 g 
rms 
Composite = 1 2 . 6  grms 
4. Vehicle Dynamics Criteria 
Longitudinal Axis  Lateral Axes 
2 - 5 Hz @ 0.6 GIs  peak* 2 - 5 Hz d 0.8 G I s  peak* 
5 - 40 Hz 8 0.6 G's peak 5 - 40 Hz 8 0.8 G's peak 
5. Shock Test Criteria ( 2  shocks/axis) 
See Table I 
* Design Criteria Only 
Subzoiie 3-3-1-C Input to Cornponellts Llounted on Structural Rings a t  
Stations X t  1082, X t  1034 (Partial),  X t  941, and X t  
897 in Panels 6. 7 ,  and 8 of the ET Intertank. Weight 
of Component - > 75 lb. but  < 225 lb. 
1. Acceptance Test Criteria ( 1 mil? taxis) 
Radial Axis Long. and Tang. Axes 
Composite = 7.5 grms Composite = 5.3 g 
r m  s 
2. Lift-off Random Vibration Criteria ( 1  minlaxis) 
I Radial A d s  Long. and Tang. Axes 
Composite = 15.0 g 
r m  s 
3. Boost Random Vibration Criteria (2 mintaxis) 
Composite = 10.5 g 
r m  s 
Radial Axis Long. and Tang. Axes 
. , 130 - 1000 H Z  @ 0.115 g 2 / ~ z  2000 H Z  @ 0.OC6 g 2 / ~ ~  i i  
1000 - 2000 Hz @ -4  dB/oct e P ,  3 i 
2000 Hz  @ 0.043 g 2 / ~ z  .d i *$ 7 
I \ $ 1  
< 1 Composite = 14.7 grms Composite = 8.9 g tA i r m s  6 r !  
-"-- i $4 
- 
- 
- - 3- 169 
3 
- 
w .. +.. ' . &+& . ,.a+..-* i ,-- - - . - 
3- 3-1-C (Cont . ) 
4. Vehicle Dynamics Criteria 
Longitudinal Axi s  Lateral Axes 
2 - 5 Hz 4 0.6 G's peak* 2 - 5 H z  @ 0.8 G t s  peak* 
5 - 40 Hz @ 0.6 G t s  peak 5 - 40 Hz @ 0.8 G's peak 
5. Shock Test Criteria ( 2  shocks/axis) 
See Table I 
* Design Criteria Only 
Subzone 3-3-1-D - 1np1:t - to Components Mounted on Structural Rings at 
Stations X t  1082, X t  1034 (Partial), Xt 941, and Xt  
897 in Panels 6 ,  7 ,  and 8 of the ET Intertank. Weight 
o!' Component - -. 225 Ib. 
1. Acceptance Test Criteria ( 1  miniaxis) 
Radial Axis Long. and Tang. Axes 
125 - 1 JOO H z  @ 0.019 g 2 / ~ ~  
1000 - LOO0 H z  P -9 dH/oct 
Composite = 5 . 3  g Composite = 3.8 g 
rfi~ s r m s  
2. 1.if't-off' itiindom Vibration Criteria ( 1  miniaxis) 
Radial . \xis 1,ong. and Tang. Axes 
Composite = l i l .  6 g rm s 
3. Boost Random Vibration Criteria ( 2  miniaxis) 
Composite = 7.5 g 
r m  s 
~ b d i a l  Axis Long. and Tang. Axes 





4. Vehicle Dynamics Criteria 
Longitudinal A x i s  
2 0- 5 Hz @ 0.6 GIs Peak* 
5 - 40 Hz @ 0.6 GIs Peak 
5. Shock Test Criteria 
See Table I 
Lsteral Axes 
2 - 5 Hz @ 0.8 G1sPeak* 
5 - 40 Hz @ 0.8 GIs Peak 
* Design Criteria Only 
f ubzons 3-3- 2 Structural Ring at Station X 58s in Panels 6 ,  7, and t 
8 of the ET Intertank. (General Specifications) 
S m e  as  Subzone 3-3-2-A below. 
Subzone 3-3-2-A Input to Components Mounted on the Structural Ring 
et Station X t  985 in Panels 6 ,  7, and 8 of the ET 
Intertank. Weight of Component < 35 10. 
1. Accepiance Test C r i t e r i ~  ( 1  minlaxis) 
Radial A d s  Long. and Tang. Axes 
Conlposite = 8.6 g Composite = 6 .1  g 
rms r m  s 
2. Lift-off Random Vibration Criteria ( 1 min /i~xis) 
Raciial Axis Long. and Tang. Axes 
Composite = 17.1 g 
rms 
Composite = 1 2 . 1  grms 
3- 3-2-A (Cont . ) 
3. Boost Random Vibration Criteria ( 2  minlaxis) 
Radial Axis Long. and Tang. Axes 
Composite = 16.0 gpmR Composite = 10.6 grms 
i 
4. Vehicle Dynamics Criteria 
'i Longitudinal A d s  Lateral Axes 
2 - 5 Hz @ 0.6 GIs Peak* 2 - 5 Hz @ 0.8 GIs  Peak* 
,.-I 5 - 40 Hz @ 0.6 G's Peak 5 - 40 Hz @ 0.8 G's Peak 
5. Shock Test Criteria 
See Table I 
I * Design Criteria Only. 
i 
' t 
Subzone 3-3-2-B Input -- to Components Mounted on the  Structural Ring 
at Station Xt 985 in Panels 6. 7 ,  ~ n d  8 of the  ET 
Intertank. Weight of Component - > 3 5  but < 100 lb. 
1. Acceptance Test Criteria ( 1  mintaxis) 
Radial Axis Long. and Tang. Axes 
Composite = 6.1 g 
r m  s 
Cornposite = 4.3 grms 
2 .  Lift-off Random Vibration C r i t e r i ~  ( 1  mintaxis) 
Radial Axis Long. and 'rang. Ases 
Composite = 12.1 g Composite = 8 . 6  g 
r m s  rms 
3. Boost Random Vibration Criteria ( 2  mintaxis) 
Radial Axis Long. and Tang. Axes 
Corr~posite = 11.3 grms Composite = 7 . 5  grnls 
3- 3-2-B (Cont . ) 
. I  4.  ','ehjole Dynamics Criteria 
k 
t 
. e Longit~idinal Axis 
2 - 5 Hz O 0.6 GIs Peak* 
5 - '40 H z  Q 0.6 G 1 s  Peak 
, $  
: i 
I 5. Shock Test Criteria 
i 
, ! See Table I 
\ * Design Criteria Only 
Lateral Axes 
2 - 5 Hz 0 0.8 G1s Peak* 
5 - GO Hz 0 0.8 GIs Peak 
Subzone 3-3-2-C input to Components Mounted on the Structural Ring 
at Station XI 985 in Panels 6, 7 ,  and 8 of the ET 
Intertank. Weight of Component - > 100 lb. 
1. Acceptance Test Criteria (1  minlaxis) 
Radial A d s  Long. acd Tang. Axes 
Composite = 4 . 3  g Conipsite = 3.1 g 
rms r m s  
2. Lift-off Rr.r?dom Vibration Criteria ! 1 minlaxis) 
Radial Axis Long. and Tang. Axes 
1 Composite = 8.6 g Composite = r m s  6.1 grms 
3. Boost Random Vibration Criteria ( 2  minlaxis) 
1 
I Radial A d s  Long. and Tang. Axes 
Composite = 8 . 2  g r m s  Composite = 5 . 3  grms 
3-3-2-C (Cont . ) 
4. Vehicle Dynamics Criteria 
Longitudinal A x i s  Lateral A x e s  
2 - 5 Hz B 0.6 G's peak* 2 - 5 Hz @ 0.8 G's peak* 
5 - 40 Hz Q 0.6 G's peak 5 - 40 Hz Q 0 .3  G's peak 
5. Shock Test Criteria ( 2  shocks/axis. 
See Table I 
Design Criteria Only 
Subzone 3-3-3 Structural Ring at Station X 1034 Between the  - 2  t 
Axis and the Access Door of the  ET Intertank.  
(General Specifications 1 
Same a s  Subzone 3-3- 3-A below. 
Composite = 23.4 g Composite = 10.6 g 
r m s  rrns 
2 a 3. Flight Random Vibration Criteria (Lift-off and Boost) ( 3  minlalds) 
Subzone 3-3-3-A Input -.-- to Components hlounted on the  Structural  Ring 
at Station X 1034 between the  - Z  Axis and the  Access t 
Door of the ET Intertank. Weight of Component .: 
30 Ib. 
1. Acceptance Tcst Criteria ( 1  miniaxis) 
Radial Axis Long. and Tang. Axes 
Radial A xis Long. and Tang. Axes 
Composite = 16.8 grms Composite = 21.2 g 
r m  s 
4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 Hz @ 0.6 C's peak* 2 - 5 Hz @ 0 .8  G's peak* 
5 - 40 Hz @ 0 . 6  G ' s  peak 5 - 40 Hz @ 0 .8  G's peak 
5. shock Test Criteria 
See Table I 
* Design Criteria Only.  
Subzone 3-3-3-B Input to Components Mounted on the Structural Ring 
at Station Xt 1034 Between the -2 A d s  and the Access 
Door of the ET Inter t~nk.  Weight of Componert - >
30 but < 90 Ib. 
1. Acceptance Test Criteria (1 minlaxis) 
Radial Axis  Long. and Tang. Axes 
Composite = 16.8 grms Composite = 7.6 g 
r m s  
2 & 3. Flight Random Vibration Criteria (Lift-off and Boost (3  miniaxis) 
Radial A d s  Long. and Tang. Axes 
Composite = 33.7 grms Composite = 15.1 g,,, 
4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 H z  @ 0 . 6  C's peak* 2 - 5 H z  @ 0.8 C's peak* 
5 - 40 Hz @ 0 . 6  G1s peak 5 - 40 Hz @ 0 . 8  C's peak 
5. Shock Test Criteria 
See Table 1 
* Design Criteria Only 
Subzone 3-3-3-C Iriput to Components Mounted on the Structural Ring 
at Station X t  1034 Between the -2 A d s  and the Access 
Door of the ET Intertank. Weight of Component - >
90 lb. 
1. Acceptance Test Criteria ( 1  minlnxis) 
Radial Axis Long. and Tang. Axes 
Composite = 1,. grms Composite = 5.3 g r m s  
2 & 3. Flight Random Vibration Criteria (Lift-off and Boost) ( 3  miniaxis) 
Radial Axis rang. and Tang. Axes 
Composite = 2 4 . 2  g Composite = 10.7 g 
rnls r m  s 
4. Vehicle Dynamics Criteria 
1,ongitudin:il :I xis 1,attlriil Axes 
2 - 5 H z  @ 0 . 6  G ' s  peak* 2 - 5 H z  @ 0.8 G's peak* 
5 - 40 H z  @ 0 . 6  C's peak 5 - 40 Hz @ 0 . 8  G's peak 
5. Shock Test Criteria 
See Table I 
* Design Criteria Only 
Subzone 3-4 ET LH2 Forward Bulkhead (General Specifications) 
Same as Subzone 3-4- 1-A below. 
Subzone 3-4-1 ET LH2 Forward Bulkhead Gores (Stations Xt 1130 to 
Xt 1108). (General Specifications) 
Same as Subzone 3-4-1-A below. 
Subzone 3-4-1-A Input to Components Mounted on the ET LH2 Forward 
Bulkhead Gores (Stations Xt 1130 to Xt  1008). Weight 
of Component < 10 Ib. 
1. Acceptance Test Criteria (1 minlaxis) 
Direction A Directions B and C 
20 H z  @ 0.0022 g 2 / ~ z  20 H z  @ 0.0050 g 2 / ~ z  
20 - 140 H Z  @ +9 dB10ct 20 - 60 H z  @ +3 dB/oct 
140 - 500 Hz @ 0.115 g 2 / ~ z  60 - 220 Hz @ 0.015 g2/Hz 
500 - 2000 HZ @ -6 dB 10ct 220 - 400 Hz @ +6 d B  / O C ~  
Composite = 24.0 grms Composite = 7*1 grms 
2. Lift-off Random Vibration Criteria ( 1 min /axis) 
Direction A Directions B and C 
Composite = 41.5 grms Composite = 16.0 g r m s  
3-4- 1-A (Cont . ) 
3. Boost Random Vibration Criteria (2 mintaxis) 
Direction A Directions B and C 
20 Hz @ 0.0090 g 2 l ~ z  20 Hz @ 0.020 g2/Hz 
20 - 140 Hz @ +9 dB loct 20 - 60 Hz @ +3 dB loct 
Composite = 48.1 grms Composite = 14.2 grmS 
4. Vehicle Dynamics Criteria 
Longitudinal A d s  Lateral Axes 
2 - 5 Hz @ 0.6 G's peak* 2 - 5 H z  @ 0.8 C's peak* 
5 - 40 H z  @ 0.6 C f s  peak 5 - 40 hz @ 0.8 G's  peak 
5. Shock Test Criteria ( 2  shockstaxis) 
Not Applicable 
Direction -2 - Perpendicular to Bulkhead 
Direction B - Tangential to Bulkhead 
Direction C - Tangential to Bulkhead, Perpendicular to Direction B 
* Design Criteria Only 
Subzone 3-4-1-8 Input - to Components Mounted on the ET LH Forward 
Bulkhead Gores (Statbns X 1130 to X t  1008). Weight t 
of Component - > 10 but < 30 lb. 
1. Acceptance Test Criteria ( 1  minlaxis) 
Direction A Directions B and C 
Composite = 17.6 grm, Composite = 5.0 grms 
2. Lift-off Random Vibration Criteria (1 minlaxis) 
Direction A Directions B and C 
Composite = 29.9 grms Composite = 11.3 g 
r m  s 
3. Eoost Random Vibration Criteria (2 minlaxis) 
Direction A Directions B and C 
2000 Hz @ 0.0092 gL/Hz 
Composite = 35.2 grms Composite = 10.1 grms 
1 3- 4- 1-B (Cont . ) 
4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 Hz €4 0.6 G's peak* 2 - 5 Hz @ 0.8 Cts peak* 
5 - 40 Hz @ 0.6 G's peak 5 - 40 Hz @ 0.8 G's peak 
5. Shock Test Criteria ( 2  shocks/axis) 
Not Applicable 
Direction A - Perpendicular to Bulkhead 
Direction B - Tangential to Bulkhead 
Direction C - Tangential to Bulkhead, Perpendicular to Direction B 
* Design Criteria Only 
Subzone 3-4-1-C Input  t o  Components Mounted on t h e  ET LH2 Forward 
Bulkhead Gores (Stations Xt 1130 to X t  1008). Weight 
of Components - > 30 lb. 
1. Acceptance Tes t  Cri ter ia  ( 1  minlaxis) 
Direction A Directions B and C 
20 H Z  @ 0.0022 g 2 ~ ~ z  20 Hz @ 0.0019 g2/Hz 
20 - 88 Hz @ +9 dB1oct 20 - 38 Hz @ + 3  dB Ioct 
88 - 500 Hz @ 0.19 g 2 / ~ z  38 - 220 Hz @ 0.0037 g2/Hz 
5Crl - 2000 Hz @ -6 dB Ioct 220 - 400 Hz @ +6 dB1oct 
2000 H Z  @ 0.012 g 2 / ~ z  400 - 900 Hz @ 0.012 g21Hz 
900 - 2000 Hz @ - 9 d B  Ioct 
2000 H Z  B o.0011 g 2 / ~ z  
Composite = 12.3 grms Composite = 3.6 grms 
2. Lift-off Random Vibration Criteria ( 1 min laxis)  
Direction A Directions B and C 
20 Hz @ 0.0090 g 2 1 ~ z  20 - 180 HZ @ 0.012 g 2 / ~ z  
20 - 87 Hz @ +9 d B  Ioct 180 - 400 Hz @ +6 dB1oct 
87 - 400 Hz @ 0.70 g2/Hz 400 - 900 Hz @ 0.060 g 2 / ~ z  
400 - 2000 Hz @ -6 dB1oct 900 - 2000 Hz @ -9 dB Ioct 
2000 Hz @ 0.0027 g2/Hz 2000 H Z  0.011 g 2 / ~ z  
Composite = 21.1 grms Composite = grms 
3. Boost Random Vibration Criteria (2 minlaxis) 
Direction A Directions B and C 
20 Hz @ 0.0090 g 2 1 ~ z  20 Hz e 0.0079 g2/Hz 
20 - 88 Hz @ +9 dB Ioct 20 - 38 H z  @ +3 dB1oct 
Composite = 24.7 g 
r m s  Composite = 
-, 7 r  grins 
3- 4- 1-C (Cont . ) 
4. Vehicle 'Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 Hz 0 0 . 6 G 1 s p e a k *  2 - 5 Hz (P 0.8 G's peak* 
5 - 40 Hz 0 0.6 G's peak 5 - 40 Hz @ 0.8 G 1 s  peak 
5. Shock Test Criteria ( 2  shockslaxis) 
Not Applicable 
Direction A - Perpendicular to Bulkhead 
Direction B - Tangential to Bulkhead 
Direction C - Tangential to Bulkhead, Perpendicular to Direction B 
* Design Criteria Only 
* I 
i 4 








v , @ ..&;J$,.+ *. -- Lgi, *Ah&/,; HE,!! i. -At*- - - 
I / 
. ./" 
. a  - 1  ' *  J "-6-6+1w;fP" "7 $.& ; s-f 
- -> .~%:: i ,  -.*A*. ,m**v st",& =,*, nd +*,. .*<*<s ;"A ;.&- * * w * m i * ~ , ~ < @ . ~ : " , ~ * - :  - >  
. . . m.-w 'Y'=s 
S ubzone 3-4-2 ET LH2 Forward Bulkhead Cap (Station Xt 1UO8). 
(General Specifications) 
Same as Subzone 3-4-2-A below. 
Subzone 3-4-2-A Input to Components Mounted on the ET LH2 Forward 
Bulkhead Cap (Station Xt  1008). Weight of C3mponent 
< 20 lb. 
1. Acceptance Test Criteria ( 1  minlaxis) 
Direction A Directions B and C 
Composite - 1 3 . 7  grms Composite = 3.8 grms 
2. Lift-off Random Vibration Criteria ( 1 min /axis) 
Direction A Directions B and C 
Zomposite = 2 7 . 3  grms Composite = 7.6 grms 
I1 
. $1 3.4-2-A (Cont . ) 
- i i 3. Boost Random Vibration Criteria (2 minlaxia) 
' I 
I Direction A Directions B and C 
Composite = 27.5 grms 
f 4. Vehicle Dynamics Criteria 
Composite = 7.6 gpnls 
Longitudinal Axis Latelal Axes 
1 
2 -  5 H z  @ 0 . 6 G f s p e a k *  2 - 5 Hz @ 0.8 Gfs peak* 
5 - 40 H z  @ 0.6 G's peak 5 - 40 Hz @ 0.8 G's peak 
: 1 5. Shock Test Criteria ( 2  shockslaxis) 
Not Applicable 
, *  8 k Direction A - Perpendicular to Bulkhead Direction B - Tangential to Bulkhead t 
i Direction C - Tangential to Bulkhead, Perpendicular to Direction B 
': ! 
i * Design Criteria Only g 
i 
i 
Subzone  3-4-2-8 I n p u t  t o  Components Mounted o n  t h e  ET LH2 Forward 
Bulkhead Cap  (Sta t ion Xt 1008). Weight o f  Component 
> 20 b u t  < 60 Ib. 
- 
1. Acceptance T e s t  Cr i ter ia  ( 1  minlaxis)  
Direction A Directions B and  C 
Composite = grms  Composite = 2.7 grms 
2. Lift-off Random Vibration Cr i t e r i a  ( 1 rnin l ax i s )  
Direction A Directions B and  C 
110 - 400 Hz 0 0.60 g2/Hz 50 - 100 Hz @ 0.05 ga lHz  
400 - 2000 Hz 0 -6 dB Ioct 100 - 126 Hz @ -12 d B  Ioct 
Composite = 19.6 grm, Composite - 5.4 grms 
3. Boost Random Vibration C r i t 4 a  (2  min /axis)  
Direction A Directions B and  C 
20 Hz B 6.0031 g 2 / ~ z  20 HZ @ 0.02 g 2 / ~ z  
20 - 98 Hz 0 +10 dB1oct 20 - 50 Hz @ +3 dB Ioct 
98 - 400 Hz 0 0.60 g 2 / ~ z  50 - 100 Hz 0 0.05 g 2 1 ~ z  
400 - 2000 HZ 0 -6 dB Ioct 100 - 126 Hz @ -12 d B / o c t  
2000 Hz 0 0.024 g 2 / ~ z  126 - 1000 Hz @ 0.02 g 2 / ~ z  
1000 - 2000 Hz @ - 9  dB!oct 
2000 Hz 0 0.0625 g 2 / ~ z  
Composite = 19.7 g,, Composite = 5.4 grms 
3-4-2-8 (Cont . ) 
4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 Hz 3 0.6 G's  peak* 2 - 5 H z  @ 0 . 8  G's peak* 
5 - 40 Iiz @ 0.6 G's peak 5 - 40 Hz @ 0.8 G's peak 
5. Shock Test Criteria ( 2  shocks/axis) 
Not Applicable 
Direction A - rzrpendicular to K :dkhead 
Direction B - Tangential to Bulkhead 
Direction C - Tangential to Bulkhead. Perpendicular to Direction B 
r. ' 
D * iiesign Criteria Only 
Composite = 7.2 grms Composite = 1.9 g 
r m s  
Subzone 3-4-2-C Input to Components Mounted on the ET LH2 Forward 
Bulkhead Cap (Station Xt  1008). Weight of Component 
> 60 lb. 
- 
1. Acceptance Test Criteria (1 miniaxis) 
Direction A Directions B and C 
2000 Hz @ 0.0030 g 2 / ~ z  126 - 1000 Hz @ 0.0025 g2/ilz 
1000 - 2000 Hz @ - 9  dB Ioct 
2. Lift-off Random Vibration Criteria ( 1 min /axis) 
Direction A Directions B and C 
Composite = 14.0 grms Composite = 3.8 g_ 
L m s  
3. Boost Randoc Vibration Criteria ( 2  minlaxis) 
Direction A Directions B and C 
Composite = 14.4 grms Composite = 3 . 8  g 1 iT1S 
Subzone 3-4-2-C (Cont. ) 
4. Vehicle Dynamics Criteria 
Longitudinal Ax i s  Lateral Axes 
2 - 5 H z  @ 0.6 G's  peak* 2 - 5 Hz @ 0.8 GIs peak* 
5 - 40 H z  @ 0.6 GIs peak 5 - 40 Hz @ 0.8 GIs peak 
5. Shock Test Criteria ( 2  shockslaxis) 
Not Applicable 
Direction A - Perpendicular to Bulkhepi 
Direction B - Tangential to Bulkhead 
Direction C - Tangential to Bulkhead, Perpendicular to Direction B 
* Design Criteria Only 
Subaone  3-5 ET LO2 Aft Bulkhhsau. (General  Specifications) 
Same as Subzone  3-5-1-A below. 
Subzone 3-5- 1 ET LO2 Aft Bulkhead Gores. (Stations Xt 963 to Xt 
854). (General  Specifications) 
* t Same as Subzone  3-5-1-A below. 
Subzone  3-5-1-A I n p u t  t c ~  Components Mounted on  t h e  ET LO2 Aft 
Bulkhead Gores  (Sta t ions  Xt 963 t o  Xt 854). Weight 
of Components 12 lb. 
1. Acceptance T e s t  Cr i t e r i a  ( 1 miniaxis)  : 5 
Direction A Directions B a n d  C 
20 Hz @ 0.0050 g 2 / ~ z  20 Hz @ 0.00080 g 2 / ~ z  
20 - 100 Hz @ +6 d B  /oct 20 - 100 Hz @ +6 d B  Ioct 
100 - 180 Hz @ 0.12 g 2 1 ~ z  100 - 410 Hz @ 0.020 g 2 1 ~ z  
180 - 2000 Hz @ -6 d B  /oct 410 - 2000 Hz @ -6 d B  Ioct 
2000 Hz @ 0.0010 g2/Hz 2000 Hz @ 0.00085 g 2 1 ~ z  
1 Composite = 5.9 grms Composite = 3.6 grms 
# I 
.. ; 2. Lift-off Random Vibration Cr i t e r i a  ( 1  minlaxis)  
f 
Direction A Dire , . t ions  B and  C 
i 
20 Hz @ 0.016 g 2 / ~ z  20 Hz @ 0.0032 g 2 / ~ z  
20 - 100 H-. @ +6 dBIoct  20 - 100 Hz @ +6 d B  Ioct 
Composite = 11.7 grms Composite = 7 * 3  grms  
3-5- 1-A (Cont . ) 
3. Boost andom Vibration Criteria (2  min1aPtis) 
Direction A Directions B and C 
2 100 - 180 Hz @ 0.50 g /Pz 100 - 160 Hz @ 0.080 g 2 / ~ z  
180 - 2000 Hz @ -6 d B  loct 160 - 195 Hz @ -10 dBloct 
Composite = 11.8 grms Composite = 6.5 grms 
4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 Hz @ 0.6 G ' s  peak* 2 - 5 Hz @ 0.8 G'a peak* 
5 - 40 Hz @ 0.6 G's  peak 5 - 40 Hz 8 0.8 G's  peak 
5. Shock Test Criteria ( 2  shocks/axis) 
See Table I 
Direction A - Perpendic~Jar to Bulkhead 
Direction B - Tangential to Bulkhead 
Direction C - Tangential to Bulkhead, Perpendicular to Direction B 
* Design Criteria Only 
Subzone 3-5-1-B I n p u t  to Components hlounted o n  t h e  ET LO2 Aft Bulk- 
head Gores (Sta t ions  Xt 963 t o  Xt 854). Weight o f  
Components - > 12 but < 36 lb. 
1. Acceptance T e s t  Cr i t e r i a  ( 1 min laxis) 
Direction A Directions B and C 
20 Hz @ 0.0050 g 2 / ~ z  20 Hz @ 0.00080 g 2 / ~ z  
20 - 71 Hz @ +6 dB  Ioct 20 - 72 Hz @ +6 d B / o c t  
Composite = 4.3  g Composite = 2.5 g 
r m  s r m  s 
2. Lift-off Random Vibration Cr i t e r i a  ( 1 min /axis)  
Direction A Directions B a n d  C 
2 20 Hz @ 0.016 g /Hz 20 Hz. @ 0.0032 g 2 / ~ z  
20 - 72 Hz @ + 6  d 2 I o c t  20 - 72 Hz @ +6 dB/oc t  
72 - 240 Hz O 0.20 g 2 / ~ z  2 72 - 410 Hz @ 0.040 g /Hz 
240 - 2000 Hz @ -7 d B / o c t  410 - 2000 Hz @ -6 dB!oct 
2000 Hz @ 3.0014 g 2 / ~ z  2000 H Z  @ 0.0017 g 2 / ~ z  
Co~nposi te  = 8.5 g Composite = 5.2 g 
r,ns r m  s 
3. Boost Random Vibration Cr i t e r i a  (2  minlaxis)  
Direction A Directions B and C 
2 20 Hz @ 0.020 g /Hz S O  H Z  @ 0.00024' g 2 / ~ z  
20 - 7 1  Hz @ +6 d B  /oct  20 - 100 Hz @ +10 d B  Ioc? 
2000 H Z  B 0.0021 g 2 / ~ z  2 195 - 600 Hz @ 0,024 g /HZ 
600 - 2000 Hz P -6 dB loct  
Composite = 8.6 grms Composite = 5.0 grms 
3 
'1 3-5- 1-B (Cont . : 4. Vehicle Dynamics Criteria 
.I 
Longitudinal A d s  Lateral Axes 
2 - 5 Hz @ 0.6 G t s  peak* 2 - 5 Hz @ 0.8 G t s  peak* 
5 - 40 Hz @ 0 .6  G t s  peak 5 - 40 He @ 0 . 8  G's peak 
5. Shock Test Criteria (2 shockslaxis) 
See Table I 
Direction A - Perpendicular to Bulkhead 
Direction B - Tangential to Bulkhead 
Direction C - Tangential to Bulkhead, Perpendicular to Direction B 
* Design Criteria Only 
Subzone 3-5-1-C Input to Components Mounted on the ET LO2 Aft 
Bullthe~d Gores (Stations X t  963 to Xt 854). Weight 
of Component - > 36 lb. 
1. Acceptance Test Criteria (1 minlaxis) 
I Direction A Directions B and C 
Composite = 3.2 grms Composite = 2.5 grms 
I 
2. Lift-off Random Vibration Criteria ( 1 min /axis) 
Direction A Directions B and C 
Composite = 6.1 g 
r m s  Composite = 5.0 grWs 
3. Boost Random Vibration Criteria ( 2  rnin/exis) 
Direction A Directions B ana C 
Composite = 6. grms Composite = 5.0 grms 
', ! 
.e  i 3-5- 1-C (Cont . ) 
I 
t 
I 4. Vehicle Dynamics Criteria 
' . 
Longitudinal A x i s  Lateral Axes 
i 
. ! 2 - 5 Hz @ 0.6 G 1 s  peak* 2 - 5 H z  @ 0.8 G 1 s  peak* 
. L 
; 5 - 40 Hz @ 0. : G t s  peak 5 - 40 Hz @ 0.8 G t s  peak 
. i 
, t 
1 5. Shock Test Criteria ( 2  shockslaxis) 
I 
! 
i See Table I t 
Direction A - Perpendicular to Bulkhead 
i 
!, Direction B - Tangential to Bulkhead Direction C - Tanrfentirtl to Bulkhead, Perpendicular to Direction B 
. * Design Criteria Only 
Subzone 3-5-2 E T  LO2 Aft Bulkhead Cap  a t  Sta t io  Xt 854. (General  
Specifications) 
Same a s  Subzone  3-5-2-A below. 
Subzone 3-5-2-A I n p u t  t o  Components Mounted o n  t h e  ET LO2 Aft 
Bulkhead C a p  at Sta t ion Xt 854. Weight of Components 
< 50 lb. 
1. Acceptance T e s t  C r i t e r i s  (1 minlaxis)  
Direction A Directions B and C 
20 H Z  @ 0.004 g 2 / ~ z  20 Hz @ 0.00055 g2/Hz 
20 - 100 Hz @ +6 d B / o c t  20 - 100 Hz @ +6 d B  Ioct 
100 - 250 Hz @ 0.1 g 2 / ~ z  100 - 410 Hz @ 0.014 g2/Hz 
250 - 2000 Hz @ -6 d B  Ioct 410 - 2000 Hz @ -6 dB/oc t  
2000 Hz @ 0.0016 g2 /Hz  2000 Hz B 0.00060 g2/Hz 
Composite = 6.3 g Composite = 
r m  s 3.0 grms 
2. Lift-off Random Vibration Cr i t e r i a  ( 1 minlaxis)  
Direction A Directions B a n d  C 
100 - 250 Hz @ 0.4 g 2 / ~ z  100 - 410 Hz @ 0.056 g 2 / ~ z  
250 - 2000 Hz @ -6 d B  Ioct 410 - 2000 Hz @ -6 d B  Ioct 
Composite = 12.7 grms Composite = 6 .1  grms 
3. Boost Random Vibration Cr i t e r i a  (2  minlaxis)  
Direction A Directions B and C 
Composite = 12.7 grms Composite = 5.2 g r m s  
4, Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 Hz @ 0.6 G1s peak* 2 - 5 Hz Cd 0.8 G 1 s  peak* 
5 - 40 Hz @ 0.6 G's peak 5 - 40 Hz @ 0.8 G I s  peak 
5. Shock Test Criteria ( 2  shocks/axis) 
See Table I 
I Direction A - Perpendicular to Bulkhead \ Direction B - Tangential to Bulkhead 
- i Direction C - Tangential to Bulkhead, Perpenaicular to Direction B 
" t 
. \ * Design Criteria Only 
j 
1 
Subzone 3-5-2-B Input to Components Mounted on the ET LO2 Aft 
Bulkhead Cap at Station Xt  854. Weight of Components 
> 50 but < 150 Ib. 
- 
1.  Acceptance Test Criteria ( 1  minlaxis) 
Direction A Dii8ections B and C 
Composite = 4 . 5  grms Conlposite = 2 * 5  grms 
2.  Lift-off Random Vibration Criteria ( 1  min/a+. \ 
Direction A Directit-1-:s 'd and C 
Composite = 
' m O  grms Composite = 5.0  grms 
3. Boost Random 'Jibration Criteria ( 2  minlaxis) 
Direction A Directions B and C 
Composite = 9 . 0  grms Composite = 5 . 0  grms 
4. Vehicle Dycamics Criteria 
Longitudinal Axis 
2 - 5 Hz @ 0 . 6  G1s peak* 
5 - 40 Hz @ 0 . 6  G1s peak 
5. Shock Test Criteria ( 2  shocks/axis) 
See Table I 
Lateral Axes 
Direction A - Perpendicular to Bulkhead 
Direction B - Tangential to Bulkhead 
Direction C - Tangential to Bulkhead, Perpendicular to 
* Desigrl Criteria Only 
G'S peak* 
G'S  peak 
Direction 
Subzone 3-5-2-C Ingu t  t o  - Components Mounted on  t h e  ET LO2 Aft 
rjulkhead Cap  (Station Xt 854). Weight of Component 
> 150 1b. 
- 
1. Acceptance T e s t  Cr i ter ia  (1  m i n l a d s )  
Direction A Directions B a n d  C 
50 - 250 H Z  4 0.oa5 g 2 ~ ~ z  2 64 - 410 Hz C 0.0095 g ,'Hz 
250 - 2000 Hz 4 -6 dB Ioct 410 - 2000 Hz B -6  dB Ioct 
2000 Hz B 0.0001 g ? / ~ z  2000 Yz @ 0.00047 g 2 / ~ z  
Composite = 3 * 2  g rms  Composite = 2.5 grms 
2. Lift-off Random \?:5ration Critt!ria ( 1 mln l ax i s )  
Diwection A D i r e c ~ : o n s  B and  C 
Composite = 6.3 grms Composite = 5.0 g 
rrns 
3. Boost Rnndov Vibration Cr i t e r i a  ( 2  minlaxis)  
Directio? A Directions B and  C 
2000 H Z  B 0.001 g 2 / ~ z  2 200 - 500 Hz @ 0.028 cS !'fIz 
COO - 2000 H Z  @ -6 d B  / c ~ t  
2100 Hz @ 0.0018 g2/kfz 
Composite = 6.3 g Cornposlt? : 3 . 0  g r m s  rtls 
L 5-2-C (Cont.) 
4. Vehicle Dvnamics Criteria 
Longitudinal Ards Lateral Axes 
2 - 5 Hz @ 0.6 G's peak* 2 - 5 H z  @ 0 . 8  G's peak* 
5 - 40 hz 8 0.6  G's peak 5 - 40 H z  @ 0 .8  G's peak 
Shcck Test. Criteria ( 2  shocks/axis) 
:; (-2 Table I 
Dirw:; ::I A - Perpendicular to Bulkhead 
 dim^ ? B - Tengential to I'-dkhead 
DireotA*.n C - Tc ~qential 1.. . ulkhead , Perpendicular to Direction B 
Subeone 4- 1 ET LO2 Cylinder (Stations XT 852 to XT 747) and not 
within t l O o  of the  GO2 Pressure LinelCable Tray 
Installation. (General Specifications) 
Same a s  Subzone 4-1-A below 
Submne 4-1-A Input - to Components Mounted on the  ET LO Cylinder 
(Stations XT 852 to  XT 747) and not within +lo0 of 
- the  GO2 Pressure Line /Cable Tray Installatbn. Weight 
of Components < 15 Ib. 
i . Acceptance Test Criteria (1 minlaxis) 
-! Radial A k s  Long. and Tang. Axes 
1 40 - 400 Hz @ 0.012 g 2 / ~ z  100 - 260 Hz @ 0.37 g2/Hz 
i 
-I 400 - 700 Hz 8 +3 dB1oct 260 - 700 Hz @ +3 dB1oct 
1 700 - 1000 Hz @ 0.22 g2/Hz 700 - 1000 Hz @ 0.10 g21Hz 
i 1000 - 2000 Hz @ -6 dB Ioct 1000 - 2000 Hz @ -3 dBloct 
2000 Hz @ 0.056 g21Hz 2000 HZ @ 0. 05 g 2 / ~ z  
Composite = 16.7 grms Composite = 11.9 grmS 
! 
2 
2. Lift-off Random Vibration Criteria (1 minlaxis) 
i 
. Radial Axis Long. and Tang. Axes j 
20 - 1000 HL @ 0.12 g21Hz 20 Hz @ 0.0016 g2/Hz j 1000 - 2000 Hz @ -6 dB1oct 20 - 100 Hz @ +6 dB loct 
2000 HE @ 0.030 g21Hz 100 - 550 Hz t? 0.040 g2/Hz 
550 - 700 Hz @ +9 dB loct 
Composite = 13.3 grms Composite = 10.4 grms 
4- 1-A (Cont . ) 
3. Boost Random Vibration Criteria (2  minlaxis) 
Radial Axi s  Long. and Tang. Axes 
40 - 400 Hz @ 0.50 g 2 / ~ z  100 - 260 H z  @ 0.15 g 2 ; ~ z  
400 - 700 Hz @ +3 dB Ioct 260 - 700 Hz @ +3 dB Ioct 
700 - 1000 Hz B 0.90 g 2 / ~ z  700 - 1000 Hz @ 0.42 g 2 1 ~ z  
1000 - 2000 HZ -6 dB10ct 1000 - 2000 Hz @ -3 dB Ioct 
Composite = 33.4 g,, Composite = 23.8 grms 
4. Vehicle Dynamics Criteria 
Longitudinal A x i s  Lateral Axes 
2 - 5 H z  @ 0.6 G's peak* 2 - 5 Hz @ 0.8 GIs peak* 
5 - 40 Hz @ 0.6 GIs peak 5 - 40 Hz @ 0.8 G's peak 
5. Shock Test Criteria (2  shockslaxis) 
See Table I 
Design Criteria Only 
Subzone 4-1-B Input to Compone.~ts Mounted on the ET LO2 Cylinder 
1 
(Stations XT 852 to XT 747) and not within tlOO of the 
GO2 Pressure LineICable Tray Installation. Weight of 
Components - > 15 but < 45 lb. 
1. Acceptance Test Criteria (1 mintaxis) 
Radial Axis  Long. and Tang. Axes 
Composite = 11.8 grms Composite = 8.4 gms 
2. Lift-off Random Vibration Criteria ( 1 min laxis) 
Radial Axis  Long. and Tang. Axes 
Composite = 9.4 g Composite = 7.4 grms 
rms 
3. Boost Random Vibration Criteria ( 2  mintaxis) 
Radial Axis Long. and Tang. Axes 
Composite = 23.6 grms Composite = 16.9 grms 
!': si 
t :*. 
t.. = i ,.P 
4. Vehicle Dynamics Criteria 
Longitudinal A d s  Lateral Axes 
2 - 5 H z  @ 0.6 GIs peak* 2 - 5 Hz @ 0 .8  GIs peak* 
5 - 40 H z  @ 0.6 G's peak 5 - 40 Hz @ 0.8  GIs peak 
5. Shock Test Criteria ( 2  shockslaxis) 
See Table I 
* Design Criteria Only 
Submne 4-1-C Input to Components Mounted on the ET LO2 Cylinder 
(Stations XT 852 and XT 747) and not within flOO of rf 
8 
the GO2 Pressure LinelCable Tray Installation. Weight 
of Components - > 45 lb. 
1. Acceptance Test Criteria ( 1  minlaxis) 
I Radial Axis Long. and Tang. Axes 
Composite = 8.2 grms Composite = 5.9 grms 
I 2. Lift-off Random Vibration Criteria ( 1 min /axis) 
1 Radial Axis Long. and Tang. Axes 
1 Composite = 6.7 grms Composite = 5 .2  grms 
i i 
I 3. Boost Random Vibration Criteria ( 2  minlaxis) 
1 Radial Axis Long. and Tang. Axes 
Composite = 16.4  grms Composite = 11.8 grms 
4- 1-C (Cont . ) 
4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 Hz @ 0.6 GIs  peak* 2 - 5 Hz @ 0.8  G's  peak* 
5 - 40 Hz @ 0.6 GIs peak 5 - 40 Hz @ 0.8 G 1 s  peak 
5. Shock Test Criteria ( 2  shockslaxis) 
See Tablo I 
* Design Criteria Only 
Subzone 4-1-AP Input - to Components Mounted on the LO2 Cylinder (XT 
852 to XT 747) and within +lo0 of the  GO2 Press.  Line/ 
Cable Tray Installation. Weight of Components < 15 lb. 
1. Acceptance Test Criteria ( 1  miniaxis) 
Radial Axis Long. and Tang. Axes 
20 Hz @ 0.025  g2/Hz 20 HZ @ 0.00010 g 2 / ~ z  
20 - 40 Hz @ +3 dB/oct 20 - 150 Hz @ +10 dB Ioct 
Composite = 1 6 . 0  grms Composite = 10 .5  grms 
2. Lift-off Random Vibration Criteria ( 1  min laxis) 
Radial A x i s  Long. and Tang. Axes 
Composite = 1 3 . 3  g Composite = 10 .4  g 
r m  s rm s 
3. Boost Random Vibration Criteria ( 2  minlaxis) 
Radial Axis Long. and Tang. Axes 
Composite = 32.0  g 
rm s 
Composite = 21 .0  g 
r m s  
4- 1-AP (Cont , ) 
4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 Hz @ 0.6 G's peak* 2 - 5 Hz @ 0.8 G's peak* 
5 - 40 Hz @ 0.6 G's peak 5 - 40 Hz @ 0.8 G t s  peak 
5.  Shock Test Criteria ( 2  shockslaxis) 
See Table I 
* Design Criteria Only 
v 't,, - ' *  '; . I," a &L, * y .  
Subzone 4-1-BP Input to Components Mounted on the LO Cylinder (X, 2 T 
852 to XT 747) and within t l O O  of the GO2 Prt?ss. Line/ 
Cable Tray Installation. Weight of Component :, 15 but 
- 
< 45 lb. 
1. Acceptance Test Criteria ( 1  rninlaxis) 
Radial Axis 1,rng. and Tang. Axes 
29 - 76 Hz @ 0.025 g 2 / ~ z  120 - 1000 Hz @ 0.04 g 2 / ~ z  
76 - 150 Hz @ +6 dB1oct 1000 - 2000 Hz @ -6 dB Ioct 
150 - 1000 Hz Q 0.1 g 2 / ~ z  
1000 - 2000 Hz @ -9 dB Ioct 
Composite = 11.2 grnis Composite = 7 * 5  grms 
2. Lift-off Random Vibration Criteria ( 1  minlaxis) 
Radial Axis Long. and Tang. Axes 
20 - 1000 H z  @ 0.06C g 2 / ~ z  20 H z  @ 0.0016 q 2 / ~ z  
1000 - 2000 H z  @ -6 dB Ioct 20 - 70 Hz @ +6 dB1oct 
700 - 1000 H z  @ 0.040 g2/Hz 
1000 - 2000 H z  @ -3 dB Ioct 
Composite = 9. grms Composite = 7 .4  g r m  s 
3. Boost Random Vibration Criteria ( 2  minlaxis) 
Radial A d s  Long. and Tang. Axes 
20 H z  d 0.07 g2/Hz 20 H z  @ 0.00041 g2/Hz 
20 - 29 H z  @ +3 dB1oct 20 - 120 H z  @ +10 dB Ioct 
Composite = 2 2 . 4  grms Composite = 15.0 grms 
4- 1-BP (Cont . ) 
4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 Hz @ 0.6 Gfs peak* 2 - 5 Hz a 0.8 G's peak* 
5 - 40 Hz @ 0.6 Gfs  peak 5 - 40 Hz 0 0.8 Gfs  peak 
5. Shock Test Criteria ( 2  shocks/axis) 
See Table I 
* Design Criteria Only 
, 1 
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Subzone 4-1-CP Input to Components Mounted on the LO2 Cylinder ( X T  
852 to XT 747) and within flOO of the GO2 Press. Linei 
Cable Tray Installation. Weight of Component , - 45 lb. 
c 1. Acceptance Test Criteria (1 minlaxis) 
Radial Axis Long. and Tang. Axes 
Composite = 8.0 grms Composite = 5 . 4  grms 
2. Lift-off Random Vibration Criteria ( 1 min /axis) 
Radial Axis Long. and Tang. Axes 
Composite = 6 . 7  grms Composite = 5 .2  g 
r m  s 
3. Boost Random Vibration Criteria ( 2  minlaxis) 
Radial Axis Long. and Tang. Axes 
Composite = 16.0 grms Composite = lo. grms 
4- 1-CA (Cont . ) 
4 .  Vehicle Dynamics Criteria 
Longitudinal Axis Lateral A ~2s 
2 - 5 Hz @ 0.6 G's peak* 2 - 5 Mz @ 0.8 G ' s  peak* 
5 - 40 Hz Ca 0.6 G ' s  peak 5 - 40 Hz @ 0.8 G 1 s  peak 
5 .  Shock Test Criteria ( 2  shocksiaxis) 
See Table I 
* Design Criteria Only 
Subzone 5-1 ET Ogive, Aft Section (Stations XT 747 to XT 537) 
and not within ?lo0 of the GO2 Pressure Linelqabk 
Tray Installation (General Specifications) 
Same as 5-1-A below 
Subzone 5-1-A Input to Components Mounted on the ET Ogive, Aft 
Section (Stations XT 747 to XT 537) and not within ?lo0 
of the GO2 Pressure LineICable Tray Installation. Weight 
of Component < 10 lb. 
1. Acceptance Test Criteria (1 minlads) 
Radial A x i s  Long. and Tang. Axes 
700 - 1000 Hz @ 0.023 g2/Hz 
1000 - 2000 Hz @ -3 dB Ioct 
Composite = 6.7 grms Composite = 5.5 g,, 
2. Lift-off Random Vibration Criteria ( 1 min /axis) 
Radial Axis Long. and Tang. Axes 
20 - 1000 H Z  B 0.12 g 2 / ~ z  20 H z  @ 0.0018 g 2 / ~ z  
1000 - 2000 Hz @ -6 dB Ioct 20 - 100 Hz @ +6 dB/oct 
700 - 1000 H z  @ 0.092 g 2 / ~ z  
1000 - 2000 H z  @ -3 dB Ioct 
Composite = 13.3 grms Composite = 11.1 grms 
5- l-A (Cont . ) 
3. Boost Random Vibration Criteria (2 minlaxis) 
Radial Axis Long. and Tang. Axes 
Composite = 12.1 gms Composite = 9.0 gms 
4. Vehicle Dynamics Criteria 
Longitudinal A x i s  Lateral Axes 
2 - 5 Hz @ 0.6 C1s peak* 2 - 5 Hz @ 0.8 GIs peak* 
5 - 40 H z  @ 0.6 C's peak 5 - 40 Hz @ 0 .8  G's peak 
5. Shock Test Criteria ( 2  shocks/axis 
See Table I 
* Design Criteria Only 
Subzone 5-1-B Input to Com;onents Alounted on the ET Ogive, Aft 
Section (Stations XT 747 to XT 537) ana not within +lo0 
of the GO2 Pressure LinelCable Tray Installation. Weight 
of Component - > 18 but < 30 lb. 
1. Acceptance Test Criteria (1 minlaxis) 
Radial A x i s  Long. and Tang. Axes 
2 9 2000 HZ @ 0.0037 g /Hz 70 - 550 Hz @ 0.0056 g'!Hz 
550 - TOO Hz 8 +9 dB /oct 
2 TOO - 1000 H z  @ 0.012 g /Hz 
ZOO0 - 2000 Hz @ - 3  dB/oct 
Composite = -I. 7 g Composite = 4.0 g 
r m  s r m s  
2. Lift-off Random Vibration Criteria (1 minlasis) 
Radial Axis 1,ong. and Tang. Axes 
3 
20 - 1000 Hz @ 0.060 gU/Hz 20 Hz @ 0.0018 g 2 / ~ z  
1000 - 2000 Hz @ -6 d B  /oct '20 - PO Hz @ +6 dR ioct 
Composite = 9.4 g Comp3site = 7.9 g 
r m  s rn l  s 
3. Boost Random Vibraticn Criteria ( 2  minlaxis) 
Radial A x i s  Long. and Tang. Axes 
Composite = 8.5 grms Composite = 6.4 g 
r m s  
5-1-B (Cont . ) 
4. Vehicle Dynamics Criteria 
Longitudinal A x i s  Lateral Axes 
2 - 5 Hz @ 0.6 C's peak* 2 - 5 Hz @ 0.8 G's peak* 
5 - 40 Hz @ 0.6 C's peak 5 - 40 Hz @ 0.8 G's peak 
5. Shock Test Criteria (2  shockslaxis) 
See Tcrble I 
* Design Criteria Only 
Subzone 5-1-C Input to Components Mounted on the ET Ogive, Aft 
Section (Stations XT 747 to XT 537) and not witlln flOO 
of the GO2 Pressure LineICable Tray Installation. Weight 
of rmponent  > 30 lb. 
- 
1. Acceptance Test Criteria (1 min /axis) 
Radial Axis Long. and Tang. Axes 
700 - 1000 Hz @ 0.0056 g2/Hz 
I900 - 2000 Hz @ -3 dB loct 
2000 Hz @ 0.0027 g 2 / ~ z  
C.mposi:e = 3.3 g,, Composite = 2.7 grms 
2. Lift-off Randloea Vibration Criteria (1 min/axis) 
Radial Axis Long. and Tang. Axes 
20 - 1000 Hz; B 0.030 g2,iiz 20 Hz @ 0.0018 g 2 / ~ z  
1000 - 2000 HZ @ -6 d B  10ct 20 - 50 Hz @ +6 dB Ioct 
Ccxnpcsite = 6.7 grms Composite = 5.5 grms 
3. Boost Random Vibration Criteria (2 minlaxis) 
Radial Axis Long. and Tang. Axes 
Composite = 6.0 gins Composite = 5.0 grm, 
5- 1-C (Cont . ) 
4. Vehicle Dynamics Criteria 
Longitudinal A xis Lateral Axes 
2 - 5 Hz B 0.6 GIs peak* 2 - 5 Hz 8 0.8 G I s  peak* 
5 - 40 Hz @ G.6 G's peak 5 - 40 Hz @ 0.8 G's peak 
5. Shock Test Criteria ( 2  shocks/axis) 
See Table I 
* Design Criteria Only 
Subzone 5-1-AP Inpu t  t o  Components Mounted on  t h e  Ogive Aft Section 
(XT 747 to  XT 537) and  within t l O O  of t h e  GO2 Press .  
LineICable T r a y  Installation. Weight of Component 
c 10 lb.  
1. Acceptance Tes t  Criteria (1 minlaxis) 
Radial Axis Long. and  Tang.  Axes 
20 Hz @ 0.025 g 2 / ~ z  20 H Z  B 0.00010 g 2 / ~ z  
20 - 40 Hz @ +3 dB10ct 20 - 160 Hz @ +10 dB1oct 
40 - 100 Hz @ 0.05 g2/dz  160 - 1000 Hz @ 0.1 g2/Hz 
100 - 200 Hz @ +6 dB10ct 1000 - 2000 Hz @ -3  dB Ioct 
Composite = 16.7 grms Composite = 1,. 
'rms 
2. Lift-off Random Vibration Cri ter ia  (1 mintaxis) 
Radial Axis Long. and Tang.  Axes 
700 - 1000 Hz @ 0.092 g 2 / ~ z  
1000 - 2000 :Iz @ - 3 dB Ioct 
Composite = 13.3 g Composite = 11.1 g,, 
r m  s 
3. Boost Random Vibration Criteria (2  minlaxis) 
Radial A d s  Long. and Tang.  Axes 
40 - 100 Hz @ 0.2 g2/Hz 160 - 1000 Hz @ 0.4 g 2 / ~ z  
100 - 200 Hz @ +6 dB Ioct 1000 - 2000 Hz @ - 3  dB1cct 
200 - 1000 Hz @ 0.8 g " l ~ z  
1000 - 2009 Hz @ -6 dB Ioct 
Composite = 33.3 gems Composite = 25.0 grms 
' I* L.-* ' .-4 .-.%.d*- .+.-*. + *.-- mc-w?L-y,a 4&.+6 -:-.:I -+ -+ 
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4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 Hz @ 0.6 G's peak* 2 - 5 Hz @ 0.8 G's peak* 
5 - 40 Hz @ 0.6 G t s  peak 5 - 40 Hz @ 0.8  G's  peak 
5. Shock Test Criterir ( 2  shockslaxis) 
See Table I 
* Design Criteria Only 
Subzone 5-1-BP I n p u t  to Components Mounted on t h e  Ogive  Aft Section 
(XT 747 to XT 537) and within tllOO of t h e  GO P r e s s .  2 
LinelCable T r a y  Installat ion.  Weight of component  2 10 
but < 30 Ib. 
1. Acceptance T e s t  Cr i t e r i a  (1 minlaxis)  
Radial Axis Long. and  T a n g .  Axes  
29 - 100 Hz @ 0.025 g2/Hz 130 - 1000 Hz @ 0.05 g2 /Hz  
100 - 200 Hz @ +6 d B  Ioct 1000 - 2000 Hz @ -3 d B  Ioct 
Composite = 12.5 grms Composite = 8.9 grms 
2. Lift-off Random Vibration Cr i t e r i a  ( 1  minlaxis)  
Radial A d s  Long. and  Tang .  Axes 
20 - 1000 Hz @ 0.060 g2/Hz 20 Hz R 0.0018 g2 /Hz  
1000 - 2000 Hz @ -6 dB1oct 20 - 70 Hz @ +6 d B  loct  
2000 Hz @ 0.015 g2/Hz 70 - 550 Hz B 0.023 g2/Hz 
550 - 700 Hz @ +9 d B / o c t  
700 - 1000 Hz @ 0.046 gZ/Hz 
1000 - 2000 Hz @ - 3 d B  Ioct 
Compasite = 9.4 grms Composite = 7.9 grms 
3. Boost Random Vibration Cr i t e r i a  ( 2  minlaxis)  
Radial Axis Long. and  T a n g .  Axes  
29 - 100 Hz @ 0.1 g 2 / ~ z  130 - 1000 Hz @ 0.2  g 2 / ~ z  
100 - 200 Hz @ +6 dBloc t  1000 - 2000 Hz @ - 3  d B  Ioct 
2000 Hz @ 0.1  HZ 
Composite = 24.9 g 
rms 
Composite = 17.8 grms 
Longitudinal Axis Lateral Axes 
2 - 5 Hz @ 0 .6G1s  peak* 2 - 5 Hz @ 0.8 G 1 s  peak* 
5 - 40 Hz @ 0.6 G 1 s  peak 5 - 40 Hz @ 0.8 G 1 s  peak 
5. Shock Test Criteria ( 2  shockslaxis) 
See Table I 
* Design Criteria Only 
Subzone 5-1-CP Input to Components Mounted on the Ogive Aft Section 
( X T  747 to XT 537) and within ?lo0 of the GO2 Press. 
LineICable Tray Installation. Weight of Colrponent 
> 30 1b. 
- 
1. Acceptance Test Criteria (1 minlaxis) 
Radial Axis Long. and Tang. Axes 
Composite = 8.  grms Composite = 6.4 g r m  s 
1 2. Lift-off Random Vibration Criteria ( 1 min /axis) i ! Radial Axis Long. and Tang. Axes 
Composite = 6 . 7  grms Composite -: 5.5 grms 
i 3. Boost Random Vibration Criteria (2 rninlaxis) Radial Axis Long. and Tang. Axes 
Composite = 17.2 grms Composite = 12.7 grms 
' . . :  . riy 
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5- 1-CP (Cont , ) 
4. Vehicle Dynamics Criteria 
Longitudinal Axis 
2 - 5 Hz 8 0.6 G's peak* 
5 - 40 Hz @ 0.6 G's peak 
5. Shock Test Criteria ( 2  shocks/axis) 
See Table I 
* Design Criteria Only 
Lateral Axes 
2 - 5 Hz @ 0.8 G's 
5 - 40 H z  4 0.8 G's 
peht * 
peak 
Subzone 5-2 ET Ogive, Forward Section (Stations Xt  537 to Xt  271).  
(Genera! Specifications) 
Same as Subzone 5-2-A below. 
Subzone 5-2--A Input to Components Mounted on the ET Ogive. Forward 
Sectlon (Stations X t  537 to Xt  371) and not within +lo0 
of the GO2 Pressme LineICable Tray Installation. Weight 
of Component 5 7 lbs. 
- 
1. Acceptance Test Criteria (1 minlaxis) 
Direction A Directions B and C 
Composite = 20.0 grms Composite = 5.2 grms 
2. Lift-off Random Vibration Criteria ( 1 rnin /axis) 
Direction A Directions B and C 
Composite = 40.1 grms Composite = 10.4 grms 
5-2-A (Cont . ) 
3, Boost Random Vibration Criteria ( 2  n~inlaxis) 
Direction A Directions B and C 
Composite = 24.7 grms Composite = 7 . 1  grms 
4. Vehicle Dynamics Criteria 
Longitudinal A x i s  
2 - 5 Hz  @ 0.6 C1s ,~eak* 
5 - 40 Hz @ 0.6 G1s  peak 
5. Shock Test Criteria ( 2  shockslaxis) 
Not Applicable. 
Lateral Axes 
2 -  6 H z @ 1 . 4 C 1 s p e a k *  
6 - 40 Hz @ 1 .4  G1s peak 
Direction A - Perpendicular to Ogive 
Direction B - Tangential to Ogive 
Direction C - Tangential to Ogive, Perpendicular to Direction B 
* Design Criteria Only 
S u t z o n e  5-2-B I n p u t  --- t o  Components Mounted on t h e  ET Ogive ,  Forward 
Section (Sta t ions  Xt 537 t o  Xt 371) and  not within t l O O  
of t h e  GO2 P r e s s u r e  LineICable T r a y  Installat ion.  Weight 
of Component - > 7 but 21 lb. 
i 1. Acceptance T e s t  Cr i t e r i a  ( 1 minlaxis)  I Direction A Di rec t io l r~  R and  C 
1 20 Hz @ 0.0065 g 2 / ~ z  20 Hz C 0.:: 075 g 2 / ~ z  i 20 - 56 Hz @ +6 dB loct  20 - 80 Hz @ +9 d B / o c t  ! 56 - 150 Fz cd 0.050 g 2 ;Hz 80 - 500 Hz @ 0.0050 g 2 / ~ z  I 150 - 300 Hz @ +6 d B  Ioct 500 - 700 Hz @ +6 d B i o c t  
i 
i j 300 - 500 Hz @ 0.20 g 2 / ~ z  700 - 1000 Hz @ 0.010 g2/Hz 
: 500 - 2000 Hz @ -3 d B  ioct  1000 - 2000 Hz @ -3 d B / o c t  
I 
I Composite = 14.2 grms Composite = 3.7 grms i 
2. Lift-off Random Vibration Cri ter ia  ( 1  minlaxis)  
Direction A Directions B and  C 
56 - 150 Hz @ 0.20 g2/Hz 80 - 500 Hz @ 0.020 g2/Hz 
150 - 300 Hz @ +6 d B  ioct  500 - 700 Hz @ +6 d B  Ioct 
390 - 500 Hz @ 0.80 g21Nz 700 - 1000 Hz @ 0.040 g 2 / ~ z  
5fl0 - 2300 HZ @ -3 d B  / O C ~  1000 - 2000 HZ @ - 3  d B  / O C ~  
Composite = 28.4 g 
r m s  
Cori~posite = 7.4 g 
r m s  
3. Boost Random Vibration Cri ter ia  ( 2  miniaxis)  
Direction A Directions B and  C 
Composite = 18.1 g 
rms 
Composite = 5.0 g 
rm s 
. :. r ,' 
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5-2-5 (Cont . ) 
4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 H z  @ 0.6 G's peak* 
5 - 40 Hz @ 0.6 G's peak 
b 5. Shock Test Criteria ( 2  shockslaxis) 
2 - 6 Hz @ 1.4 G's peak* 
6 - 40 Hz @ 1.4 G's peak 
k 
t Not Applicable 
F 
t Direction A - Perpendicular to Ogive 
i Direction B - Tangential to Ogive 
r :  Direction C - Tangential to Ogive, Perpendicular to Direction B 
I 
* Design Criteria Only 
Subzone 5-2-C Input to Components Mounted on the ET Ogive, 'ornard 
Section (Stations X 537 to X 371) and not wi?hin +lo0 t t 
of the GO2 Pressure Line!Cable Tra)- Installation. Weight 
of Component - > 21 Ib. 
1. Acceptance Test Criteria (1 minlaxis) 
Direction A Directions B and C 
40 - 150 Hz @ 0.025 g i ~ r  64 - 500 Hz @ 0.0025 g 2 / ~ z  
150 - 300 Hz @ +6 dB Ioct 500 - 700 Hz @ +6 dB Ioct 
300 - 500 Hz @ 0.10 g 2 1 ~ z  7OC - 1000 Hz @ 0.0050 g 2 1 ~ z  
500 - 2000 Hz @ -3 dB Ioct 1000 - 2000 Hz @ - 3  dB1oct 
Composite = 10.0 g 
rms 
Composite = 2.6 g 
r m s  
2. Lift-off Rand3m Vibration Criteria ( 1  miniaxis! 
Direction A Directions B and C 
Composite = 20.1  g 
rms 
Composite = 5.2 gtms 
3. Boost Random Vibration Criteria ( 2  minlaxis) 
Direction A Directions B and C 
Composite = 13.1 g 
rms 
Coniposite = 5 . 0  grms 
5-2-C (Cont . ) 
4. Vehicle -~ynamics  Criteria 
Longitudinal Axis 
2 - 5 Hz @ 0.6 G's  peak* 
5 - 40 Hz @ 0 .S  G's  peak 
Lateral AXZS 
2 - 6 Hz @ 1.4 C's peak* 
6 - 40 Hz @ 1.4 G ' s  peak 
5. Shock Test Criteria ( 2  shacks/axis) 
Not Applicable 
Direction A - Perpendicular to Ogive 
Direction B - Tangential to Ogive 
Direction C - Tangential to dgive ,  Perpendicular to Direction B 
* Design Criteria Only 
Subzone 5-2-AP I n m t  - t o  Compone~lts Mounted on  t h e  Ogive <orward 
s e t i o n  (XT 537 to  XT 371) and  within -- +LO0 of t h e  GO2 
Press .  LineJCable T r a y  Installation. Weight of Component 
< 7 1b. 
i 
1. Acceptance Test  Criteria ( 1 mintaxis) 
t Direction A Directions B 8 C 
20 Hz @ 0.00013 g 2 / ~ z  20 Hz @ 0.000088 g 2 / ~ z  
20 - 270 Hz @ +12 dB/oct  20 - 190 Hz @ +lo  dB Ioct 
270 - 900 HZ @ 3.5 g 2 / ~ ~  190 - iOJD H Z  @ 0.15 gf /Hz 
900 - 2000 HZ @ -6 dB/oct  1000 - 2000 HZ P 3  dB l ~ t  
Composite = 64.0 grms Composite = 15.2 grms 
2. Lift-off Random Vibration Criteria ( 1  miniaxis) 
Direction A Directions B and C 
20 Hz (2 0.026 g 2 1 ~ z  20 Hz @ 0.00030 g 2 / ~ z  
20 - 80 Hz @ +6 dB 10ct 20 - 100 HZ Ca +9 dB10ct 
Composite = ;b. 1 g r m s  Composite = 10.1 g r m  s 
3. Boost Random Vibration Criteria ( 2  minlaxis) 
Direction A Directions B & C 
270 - 900 Hz @ 14.0 g2/Hz 190 - 1000 Hz @ 0.6 g 2 1 ~ z  
900 - 2000 Hz @ - 6 dB loci 1000 - 2000 Hz @ - 3  dB Ioct 
2 2000 f;z @ 2.9 g /Hz 2000 Hz @ 0 . 3  g 2 / ~ z  
Composite = 128.0 g 
r ~ n  s 
4. Vehicle Dynamics Criteria 
Longitudinal A d s  Lateral Axes 
2 - 5 Hz @ 0.6 G's peak* 
5 - 40 Hz @ 0.6 Cts peak 
5. Shock Test Criteria ( 2  shocks/axis) 
Not Applicable. 
2 - 6 Hz @ 1.4  G's peak* 
6 - 40 Hz @ 1.4 Gfs peak 
Direction A - Perpendicular to Ogive 
Direction B - Tangential to Ogive 
Direction C - Tangential to Ogive. Perpendicular to Direction B 
* Design Criteria Only 
1 Subzone 5-2-BP Input to Components Mounted on the Ogive Foyward 
'I Section (XT 537 to XT 371) and within --- flOO of the GO2 
Press. LineICable Tray Installation. Weignt of Com- 
ponent - > 7 but < 21 1b. 
1. AcceptanceTestCriteria(1minlads) 
$ Direction A Directions B & C 
Composite = 45.7 gms Composite = 10.9 grms 
2. Lift-off Random Vibration Criteria ( 1 min laxis) 
Direction A Directions B and C 
Composite = 28.4 g rms Composite = 7.4 gpms 
3. Boost Random Vibration Criteria ( 2  mintaxis) 
Direction A Directions B Et C 
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5-2-BP (Cont . ) 
4. Vehicle Dynamics Criteria 
Longitudinal A xis Lateral Axes 
I 2 - 5 Hz @ 0.6 G I s  peak* 2 - 6 Hz d 1.4 G t s  peak* 5 - 40 Hz @ 0.6 G's peak 6 - 40 Hz Q 1.4 G's peak 
t 5. Shock Test Criteria (2 shocks/axis) 
! Not Applicable 
a 
Direction A - Perpendicular to Ogive 1 Dimtion B - Tangential to Ogive Direction C - Tangential to Ogive. Perpendicular to Direction B 
j * Design Criteria Only 
Subzone 5-2-CP I n p u t  t o  Components Mounted on  t h e  Ogive Forward 
Section (XT 537 to XT 371) a n d  within +?OO of t h e  GO2 
P r e s s .  LineICable T r a y  Installat ion.  Weight of Component 
> 21 lb. 
- 
1. Acceptance T e s t  Cr i ter iu  j: zhlaxis) 
Direction A D i r e c t i ~ n s  B & C 
190 - 900 Hz @ 0.88 g 2 / ~ z  125 - 1000 Hz @ 0.038 g 2 / ~ z  
900 - 2000 Hz @ -6 dB1oct 1000 - 2000 Hz @ - 3 d B  Ioct 
Composite = 34.5 grms Composite = 7.8 grms 
2. Lift-off Random Vibration Cr i t e r i a  ( 1 min lax i s )  
Direction A Directions B a n d  C 
40 - 150 Hz @ 0.10 g 2 / ~ z  64 - 500 Hz @ 0.010 g 2 / ~ z  
150 - 300 Hz @ +6 d B  Ioct 500 - 700 Hz @ +6 d B  Ioct 
300 - 5 0 0  Hz @ 0.40 g ' l ~ z  70G - 1000 Hz @ 0.020 g21Hz 
500 - 2000 Hz @ -3  d B  Ioct 1000 - 2000 Hz @ -3 dB1oct 
Composite = 20.1 grms Composite = 5.2 grms 
3. Boost Random Vibration Cri ter ia  ( 2  minlaxis)  
Direction A Directions B & C 
1 9 0 -  9 0 0 H z  @ 3 . 5 g 2 / ~ z  125 - 1000 Hz @ 0.15 g 2 / ~ z  
900 - 2000 Hz @ -6 dB1oct 1000 - 2000 Hz @ -3 d B  Ioct 
Composite = 69.0 grms Composite = 15.5 g 
rms 
4. Vehicle Dynamics Criteria 
Longitudinal Axis Latsral Axes 
2 - 5 Hz @ 0 .6  G's peak* 2 - 6 H z  @ 1 . 4  G's peak* 
5 - 40 H z  @ 0 . 6  G's peak 6 - 40 Hz @ 1 . 4  G's peak 
5.  Shock Test Criteria ( 2  shockslaxis) 
Not Applicable 
Direction A - Perpendicular to Ogive 
Direction B - Tangential to Ogive 
Direction C - Tangential to Ogive, Perpendicular to Direction B 
* Design Criteria Only 
Subzone 5-3 ET Nose Cap and Cover Plate (Stations X+ 371 to Xt 322). 
(General Specifications) 
Same as Subzone 5-3-1-A below. 
Subzone 5-3-1 ET Nose Cap (Stations Xt 371 to Xt  32?). (General 
Specificatioi~s) 
Same as Subzone 5-3-1-A below. 
Subzone 5-3-1-A Input to Components Mounted on the ET Nose Cap 
(Stations Xt  371 to Xt 322). Weight of Component < 7 lb. 
1. Acceptance Test Criteria (1  minlaxis) 
Radial Axis Long. an-1 Tang. Axes 
Composite = 83.7 grms Composite = 26.5 grms 
2. Lift-off Random Vibration Criteria (1 minlaxis) 
Direction A Directions B & C 
Composite = 38.6 g Composite = 11.5 grms 
rms 
3. Boost Random Vibr,~tion Criteria ( 2  minlaxis) 
Radial A x i s  Long. and Tang. Axes 
Composite = 167.3 grms Composite = 52.9 g 
r m  s 
4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
, 
! 
I 2 - 5 Hz @ 0.6 G's peak* 2 - 6 Hz @ 1 . 4  G's peak* 
5 - 40 Hz @ 0.6  G's peak 6 - 40 H z  @ 1 .4  G's peak 
5. Shock Test Criteria ( 2  shocks/axis) 
Not Applicable 
Direction A - Perpendicular to Nose Cap 
Direction B - Tangential to Nose Cap 
Direction C - Tangential to Nose Cap, Perpendicular to Direction B 
* Design Criteria Only 
Subzono 5-3-1-B Input to Components Mounted on the ET Nose Cap 
(Stations Xt  371 to Xt  322). Weight of Component > - 7  
but < 20 1b. 
1. Acceptance Test Criteria (1 n~inlaxis) 
Radial . lx i s  Long, and Tang. Axes 
Composite = 6 2 . 7  grms Composite = 1 8 . 7  g 
rrn s 
2. Lift-off Random Vibration Criteria ( 1  minlaxis) 
Direction A Directions F a d  C 
Composite = 2 7 . 4  grms Composite = 8 . 0  grms 
3. Boost Random Vibration Criteria ( 2  rnin/axis) 
Radial A ..is Long. and 'Iang. Axes 
rnposite - 125.4 g Composite = 37.4 grms 
rrn s 
5- 3- 1-B (Cont . ) 
4. VeM ?!e Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 Hz @ 0.6 GIs  peak* 2 - 6 Hz O 1.4 G's peak* 
5 - 40 Hz 0 0.6 G's peak 6 - 40 Hz B 1.4 G's peak 
5. Shock Test Criteria ( 2  shocks/axis) 
Not Applicable 
Direction A - Perpendicular to Nose Cap 
Direction B - Tangential to Nose Cap 
Direction C - Tangential to Nose Cap, Perpendicular to Direction B 
* Design Criteria Only 
Subzone 5-3-1-C Input - to Components Mounted on the ET Nose Cap 
(Stations X t  371 to Xt 322). Weight of Component 
> 20 1b. 
- 
1. Acceptance Test Criteria ( 1 rrii:~/axis) 
. I Radia; Axis Long. and Tang. Axes 
Composite = 46.1 g 
r m s  
2. Lift-off Random Vibration Criteria ( 1  miniaxis) 
Composite = 13.3 g 
r m s  
Direction A Directions B 8 C 
Composite = 19.4 g Composite = 5.7 g 
r m  s r m  s 
3. Boost Random Vibration Criteria (2 miniaxis) 
Radial A d s  Lqng. and Tang. Axes 
Composite = 92.2 grms Composite = 26.5 grms 
5- 3- 1-C (Cont . ) 
4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 Hz @ 0.6  G's peak* 2 - 6 Hz 8 1.4  G's perk* 
5 - 40 H z  @ 0.6  G's peak $ - 40 Hz 8 1.4 G's peak 
5. Shock Test Criteria ( 2  shockslaxis) 
Not Applicable 
Direction A - Perpendicular to Nose Cap 
Direction B - Tangential to Nose Cap 
Direction C - Tangential to Nose Cap, Perpendicular to Direction B 
* Design Criteria Only 
Subzone 5-3-2 Input t o  Components Mounted on the  ET LD2 Ogive 
Coverplete o r  Coverplate Support Ring. station X t 
371) 
1. Acceptance Test Criteria (1 mintaxis) 
Longitudinal Axis Lateral Axes 
20 Hz @ 0.0035 g 2 / ~ z  2 20 Hz @ 0.00050 g /Hz 
2 0 -  42Hz  @ + 6 d B / o c t  20 - 49 Hz @ +9 dB Ioct 
42 - 370 Hz @ 0.015 g 2 / ~ z  49 - 2000 Hz @ 0.0075 <'/HZ 
370 - 900 Hz @ +6 dB1oct 
Composite = 11.2 grms Composite = 3.8 g 
r m  s 
2 and 3. Flight Random Vibration Criteria, Lift-off and Boost 
( 3 minutes laxis) 
Longitudinal Axis 
! 
320 - 500 Hz B 0.1 g 2 1 ~ z  
500 - 1000 Hz @ +6 dB Ioct 
1000 - 1400 Hz @ 0.4 g 2 / ~ z  
I 1400 - 2000 Hz @ -12 dB Ioct 
Radial & Tangential Axes 
430 - 1300 Hz @ 0.01 g 2 / ~ z  
1300 - 2000 Hz Cd -12 dB Ioct 
j Composite 23.0 g Composite = 7.4 g i r m s  r m s  
f 
i 4. Vehicle Dynamics Criteria 
i 
? 
E Longitudinal A d s  Lateral Axes 
2 - 5 Hz @ 0.6 G's peak* 2 - 6 H z  @ 1.4 C's peak* 
5 - 40 Hz  @ 0.6 G's peak 6 - 40 Hz @ 1 .4  G's peak 
' 1  5. Shock Test Criteria ( 2  shocks/axis) 
Not Applicable 
* Design Criteria Only 
O R I G 1 ~ ~  
SECTION 111. SHOCK SPECIFICATIONS OF POOR Q U I \ L T ~ ~  
PYROTECHNIC SHOCK SPECTRUM CRITERIA 
FOR COMPONENTS MOUNTED TO SPACE SHUTTLE STRUCTURE 
SHOCK SPECTRUhI 
50 Hz @ A G's peak 
50 - 100 Hz @ +12 dB/oct 
100 Hz @ B C's peak 
100 - 4000 Hz @ +6 dB/oct 
4900 - 10000 Hz @ C C;'s peak 
Note: For proper s ~ ~ ~ c t r u m ,  se most 
severe of applicable lcvels from tables 
below. 
50 100 4k' 10K 
Frequency in Hz 










D = Distance froni component to 
ET /SRB Frvd Attach Point ( i ~ . )  
0 .c D .c 12 
- 
12 < D - : 24 
24 : D c: 48 
48 < D - 5 96 
96 < D 
d = Distance from component to 
ET ISRB Aft Attach Point (in. ) 
O . ' d - c 1 2  





























N / A  1 
SECTION IV. ACOUSTIC TEST SPECIFICATIONS 
[ 
b ,  
• Zone I-:. ET Aft LHZ Bulkhead Gores (General ~~ec i f icat ionsj  
i 
1 h 
- E EXTERNAL 
1 (One-third Octave Rand Acoustic Specification in CB re 20 pN/m 2 1 
i Geometric Mean In-flight Fluctuating Oscillating 












































































SECTION VIII. ACOUSTIC TEST SPECIFICATIONS 
Zone 1-2-ET Aft LH2 Bulkhead (General Specifications) 
EXTERNAL 
2 (One-third Octave Band Acoustic Specification in dB re 20 uN/m ) 
Geometric Mean In-flight Fluctuating Oscillating 
Frequency (Hz) Lift-off Pressure S hock 
-- 
5.0 













































































































. . i 
\ Subzone 2-1 - ET LH2 Tank Cylinder, Inboard (Orbiter) Side, Aft 
Section (General Specifications) 
EXTEIXNAL 
, ! 2 (One-third Octave Band Acoustic Specification in dB re  20 u N / m  ) 
Geometric Mean In-flight Fluctuating Oscillating 
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Subzone 2-2 - ET LH2 Tank Cylinder, Outboard Side, Aft Section 
(General Specifications) 
EXTERNAL 
2 (One-third Octave Band Acoustic Specification in dB r e  20 p N / m  ) 
Geometric Mean In-flight Fluctuating Oscillating 
Frequency ( H z )  Lift-off Pressure Shock 
-- 
5.0 131.0 114.5 159.0 
6.3 132.5 116.0 158.0 
8.0 134.0 118.0 157.0 
10.0 135.5 120.0 156.0 
12.5 136.5 121.5 155.0 
16.0 138.0 123.0 154.0 
20.0 139.0 124.5 153.0 
25.0 140.0 126.0 152.0 
31.5 141.5 127.5 151.0 
40.0 142.0 129.0 150.0 
50.0 143.0 130.5 148.0 
63.0 144.0 131.0 146.0 1 80.0 144.5 132.0 144.0 
100.0 145.0 133.0 142.0 
f 125.0 145.5 134.0 140.0 
a 8 160.0 145.5 134.0 138.0 i 200.0 146.0 134.5 136.0 250.0 146.0 134.5 134.0 
I 315.0 145.0 134.5 132.0 i 
t 400.0 145.5 134.5 130.0 
. f 500.0 145.5 134.5 128.0 
630.0 145.0 134.0 126.0 
i 800.0 144.5 134; 0 124.0 i 1000.0 143.5 133.5 122.0 
5 1250.0 143.0 133.5 120.0 
1600.0 142.0 133.0 118.0 
2000.0 141.0 132.5 116.0 
2500.0 140.0 132.0 114.0 
3150.0 139.5 131.5 112.0 
4000.0 138.5 130.5 110.0 
5000.0 137.5 130.0 108.0 
6300.0 137.0 129.0 106.0 
8000.0 136.0 128.5 104.0 
10000.0 135.0 128.0 102.0 
Overall SPL 158.0 147.0 165.5 
D mation 1 n~in  2 min N /A 
3- 253 
- 
7, 2 , *ii+;Jj.- ' :* a*&+. ' -6 i, -*-- - - . < 
4 . .  Subzone 2-3 - ET LH2 Tank Cylinder, Inboard (Orbiter) Side, Forward 1 
Section (General Specifications) 
EXTERNAL 
2 (One-third Octave Band Acoustic Specification in dB re  20 ph I m  ) 
Geometric Mean In-flight Fluctuating Oscillating 
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I (One-third Octave Band Acoustic Specification in dB re 20 p N / m  ) 
Geometric Mean In-flight Fluctuating Oscillating 



































1 min 2 min 
Zone 3 - ET Intertank Section (General Specifications) 
INTERNAL 
2 (One-third Octave Band Acoustic Specification in dB re 20 p N / m  ) 
Geometric Mean 










































































In-flight Fluctuating Oscillating 
- 
Pressure S hock 
2 min 
Subzoile 3- 1 - BT intertank Section, Panels i ,  2 ,  and 3 ,  Fwd of X t  = 985, 
(General Specifications) 
c EXTERNAL 

















































































Subzone 3-1 - ET Intertank Section, Panels 1, 2, and 3, Aft of XT = 985 




" ? EXTERNAL 
4 
t [ 2 (One-third Octave Band Acoustic Specification in dB re 20 pN/m 1 
t 













































































































Subzone 3-2 - ET Intertank Section, Panels 4 and 5 (General Specifications) 
2 (One-third Octave Band Acoustic Specification in dB re 20 pN /m ) 
Geometric Mean 




















































































































Subzone 3-S - ET Intertank Section, Panels 6 ,  7 ,  and 8 (General 
Specifications) 
EXTERNAL 
2 (One-third Octave Band Acoustic Specification in dB re  20 pN/m ) 
Geometric Alean In-flight Fluctuating Oscillating 
Frequency ( H z )  Lift-off Pressure 
- - -. - - -- --- 
S hock 
-- 
5 . 0  
6 .  ,; 
8 . 0  
10 .0  





40 .0  
SO. 0 
63 .0  























Duration 1 rnir, 2 min N / A  
. 9' 
.a. j& . .- ' 1  , . -..*:. * .--- %>.%.T-. - C" 4+*p *SL ." * .*. / f  - 
Zone 4 - ET LOX Tank Cylindrical Section (General Specifications) 
EXTERNAL 
2 (One-third Octave Band Acoustic Specification in dB re 20 aN/m ) 
Geometric Mean In-flight Fluctuating Oscillating 
















































































































Zone 5-1 - ET Ogive and Nose Cap (General Specifications) 
EXTERNAL 
2 (One-third Octave Band Acoustic Specification in dB re 20 p N  /m ) 
Geqnetric Mean In-flight Fluctuating Oscillating 
Frequencb- ( Hz ) Lift-off Pressure - Shock 
5.0 130.0 120.0 159.0 
6.3 131.5 121.0 158.0 
8.0 132.5 122.0 157.0 
10.0 134.0 123.5 156.0 
12.5 135.0 125.0 155.0 
1;. 9 136.0 126.0 154.0 
. - -  - 20.0 lac .u 127.0 153.0 
25.0 138.5 128.0 152.0 
31.5 139.0 129.0 151.0 
40.0 140.0 130.0 150.0 
50.0 140.5 131.0 148.0 
63.0 141.0 132.0 146.0 
80.0 141.5 133.0 144.0 
!.OO.O 141.5 134.0 142.0 
125.0 142. 135.0 140.0 
160.0 141.5 136.0 138.0 
200.0 141.5 136.5 136.0 
250.0 141.5 137.0 134.0 
315.0 141.0 137.5 132.0 
400.0 140.5 138.0 130.0 
500.0 140.0 138.0 128.0 
630.0 139.5 138.0 126.0 
800.0 139.0 138.0 124.0 
1000.0 135.0 137.5 122.0 
1250.0 137.5 137.0 120.0 
1600.0 136.5 136.5 118.0 
2000.0 135.5 136.0 116.0 
2500.0 134.5 135.5 114.0 
3150.0 133.5 135.0 112.0 
4000.0 132.5 134.0 110.0 
5000.0 132.0 133.0 108.0 
6300.0 131.0 132.0 106.0 
8000.0 130.0 131.0 104.0 
10000.0 129.0 130.0 102.0 
Overall SPL 153.5 149.5 165.5 
Duration 1 min i min N /A  
- 
Zone 5-2 - ET Ogive and Nose Cap (General Specifications) 
EXTERNAL 
2 (One-third Octave Band Acoustic Specification in dB re 20 p N / m  ) 
Geometric Mean 


















































































































Zone 5-3-1 ET Ogive and Nose Cap (General Specifications) 
EXTERNAL 
2 (One-third Octave Band Acoustic Specification in dB re 20 hN/m ) 
Geometric Mean In-flight Fluctuating Oscillating 














































































































Zone 5-3-2 ET Ogive and Nose Cap (General Specifications) 
f EXTERNAL 
2 (One-third Octav 6and Acoustic Specification in dB re 20 p N / m  ) 
: ' I  Geometric Mean Frequency ( Hz) i k 
5.0 ! 6 .3  
- 1 8.0 5 10.0 i 
f 12.5 
- i 
.. ' i 16.0 








: f 80.0 
. : 100.0 
? 125.0 
i 160.0 
, s 200.0 









- 7 2000.0 
2500.0 
4 3150.0 
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PROTUBERANCE 
IN-FLIGHT FLUCTUATING PRESSURE 
-- 
2 (One-third Octave Band Acoilstic Specification in dB r e  20 IJ N Im 1 
Geometric Mean Protuberance Protuberance Protuberance Protuberance 
Frequency ( H z )  ZONE A ZONE B ZONE C ZONE D 
5.0 136.0 139.0 133.0 139.0 
6.3 140.0 140.0 134.5 139.5 
8.0 140.5 141.0 136.0 140.5 
10.0 141.5 142.5 137.5 141.5 
12.5 142.0 143.5 139.0 142.0 
16.0 142.5 144.5 140.5 142.5 
20.0 142.5 145.0 141.0 143.0 
25.0 143.0 146.0 142.0 144.0 
31.5 144.0 146.0 143.0 145.0 
40.0 145.0 146.0 144.0 145.5 
50.0 146.0 147.0 145.0 146.0 
63.0 146.5 147.0 145.5 147.0 
80.0 '-47.0 147.0 145.5 148.0 
100.0 147.5 147.0 146.0 145.0 
125.0 148.5 148.5 147.0 149.0 
160.0 151.0 151.0 152.0 151.0 
200.0 152.0 L:?. 3 151.0 152.0 
250.0 152.0 152.0 150.0 152.0 
315.0 150.0 150.0 146.0 150.0 
400.0 148.0 149.0 146.0 149.0 
500.0 148.0 148.0 145.0 148.0 
630.0 148.0 148.0 145.0 148.0 
800.0 147.5 147.5 146.0 147.0 
1000.0 146.5 146.5 146.0 146.0 
1250.0 145.5 145.5 144.0 145.0 
1600.0 145.0 145.0 143.0 145.0 
2000.0 144.5 144.5 142.0 144.0 
2503.0 143.5 143.5 140.5 143.0 
3150.0 142.5 142.5 139.0 142.0 
4000.0 112.0 141.5 137.0 140.5 
5000.0 141.0 140.5 135.0 139.5 
6300.0 140.0 139.5 133.0 138.5 
8000.0 139.0 138.5 131.0 137.5 
10000.0 138.5 137.5 129.0 136.0 
Overall SPL 161.5 162.0 160.0 161.5 
Protuberance Criteria are applicable to G O 2  pressure linelcable tray 
Zone A :  i~stal lat ion t l O O  in zone 2- 1. 
Protuberance Criteria are applicable to GO2 pressure linelcable tray 
/ Zone B : installation -+lo0 in zone 2-3. 
Protuberailce Criteria are applicable to G O 2  pressure linelcable tray 
- i 
:.A Zone C : installation +lo0 in zone 3-1, Fwd of X,., - 985. ! 
Protuberance Criteria .,re applicable to GO pressure linc/c;ll)lc tray 
Zone D :  installation ?lo0 in zone 3-1, Aft of XT = 985. 
PROTUBERANCE 
IN-FLIGHT FLUCTUATING -'RESSURE 
.-- 
2 (One-third Octave Band Acoustic Specification in dB re  20 p N 1 m  
( ~ c o i ~ l u t  tic 1lc;111 
I'~*cclucttc.y ( I ! r )  
. . - .  
3.0  
ti. 9 
































0vcr ; l l l  SPI. 
1'tr)t ubcl-irticc 
;:oNb: 1: 
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Prot uber;rnce 
%ONE ti 




































Protuberance Criteria are applicable to GO2 pressure line/cable tray 
Zone E :  ?lo0 in zones 4, 5-1, and 5-2. 
Protuberance Criteria are  applicable to forward SRB attach +lo0 between 
Zone F: XT = 985 and XT = 1300. 
Protuberance Criteria are  applicable to forward orbiter attach + 5 O  between 
Zone G :  XT = 1100 and XT = 1200. 
Protuberance Criteria are applicable to aft attach cross beam. 
Zone H :  
SECTION V .  SPECIFICATIONS FOR SPECIFIC COMPONENTS 
Input to Components Mounted on the Mated Ground Umbilical Carrier 
Plate in  the Intertank (Pre-Separation) 
[ 
1. Acceptance Test Criteria ( 1 minutelaxis) 
: 
t 
t Radial Axis Long. and Tang. Axes 
Composite = 3.5 g 
rms 
Composite = 3.3 grms 
2 .  Pre-Liftoff Random Vibration Criteria (1 minute/axis) 
Radial Axis Long. and Tang. Axes 
Composite = 6.9 g 
r m  P 
3. Boost Random Vibration Criteria 
iq /A 
4. Vehicle Dynamics Criteria 
N /A 
5. Shock Test Criteria 
See Tal>le I 
Composite = 6.6 g r m  s 
Input t o  Range  Safety  Pariel 
1. Acceptance Tes t  Cr i ter ia  (1 minlaxis)  
Radial Axis Long. and  T a n g .  Axes  
20 Hz @ 0.033 g 2 / ~ c  20 Hz @ 0.00065 g 2 / ~ z  
20 -- 43 H Z  8 +9 dB/oc t  20 - 60 HZ @ +9 d B  / O C ~  
43 - 100 Hz @ 0.33 g 2 / ~ z  60 - 1300 Hz @ 0.018 g 2 / ~ z  
100 - 123 Hz Ca -9 dB1oct 1390 - 2000 Hz @ - 9  d B  /oct 
. ' 
Composite = 11.5 grms Composite = 5.3 grnls 
2 and  3. Flight Random Vibration Cri ter ia  ( 3  mintaxis)  
Radial Axis Long. and  T a n g .  Axes 
20 Hz @ 0. 1 3 g2/Hz 20 Hz @ 0.0026 g 2 / ~ z  
20 - 43 Hz @ +9 dB Ioct 20 - 60 Hz @ +9 d B  Ioct 
Composite = 23.0 g Composite = 10.7  g 
r m  s rnl s 
4. Vehicle Dynamics Cri ter ia  
Longitudinal Axis 1,ater:tl Axes 
2 - 5 Hz @ 0.6 G ' s  peak* 2 - 5 Iiz @ 0.8 G ' s  peak* 
5 - 40 Hz @ 0.6  C's  peak 5 - 40 H z  @ 0.8 G ' s  peak  
f 5. Shock Tes t  Criteria 
See  Table  I 
* Design Cri ter ia  Only 
<: 
Input to Components on ET Isolated RSS Panel 
1. Acceptance Test Criteria ( 3  minlaxis) 
Radial Axis Long. and Tang. Axes 
Composite = 7.76 grmS Composite = 2.5  grms 
2 and 3. Flight Random Vibration Criteria (L.  0 and Boost 3  minlaxis) 
Radial Axis Long. and Tang. Axes 
Composite = 15.52 grms Composite = 5.0 grms 
4. Vehicle Dynamics Criteria 
Longitudinal Axis Lateral Axes 
2 - 5 Hz @ 0.6 GIs  peak* 
5 - 40 Hz @ 0.6 GIs peak 
5. Shock Test Criteria 
See Table I 
2 - 5 Hz @ 0.8 GIs peak* 
5 - 40 Hz @ 0.8 G1s peak 
* Design Criteria Only. 
Input  to Linear Shaped Charge in Cable T ray  
1. Acceptance Tes t  Criteria ( 3  minlaxis) 
Radial Axis Long. and Tang.  Axes 
20 Hz B 0.045 g 2 1 ~ z  20 Hz @ 0.0093 g2IHz 
20 - 30 Hz @ +6 dB1oct 20 - 48 Hz @ +4 dB Ioct 
3 0 -  52 HZ @ 0.10 ~ ~ I H z  48 - 109 HZ @ 0.03 ~ Z / H Z  
52 - 96 Hz @ +9 dB loct 109 - 128 Hz @ +10 dB loct 
96 - 250 Hz @ 0.625 g 2 / ~ z  128 - 940 Hz 0 0.05 g 2 1 ~ z  
250 - 330 HZ @ -10 dB ~t 1 940 - 2000 Hz @ -6 dB loct 33C - 795 HZ @ 0.25 g /Hz 2000 H Z  @ 0.011 $/HZ 
795 - 2000 Hz @ -6 dBloct  
2000 Hz @ 0.0375 g 2 / ~ z  
Composite = 13.6 Composite = 8.3 
2 and  3. Flight Random Vibration Cfiteria ( 3  minlaxis) 
Radial Axis Long, and  Tang.  Axes 
20 Hz @ 0.18 g 2 1 ~ z  
20 - 30 Hz @ +6 dB1oct 
30 - 52 Hz @ 0.4 g 2 / ~ z  
52 - 96 Hz @ + 9  dBloct 
96 - 250 Hz @ 2.5 g 2 1 ~ z  
250 - 330 Hz @ -10 dB loct 
330 - 795 Hz @ 1.0 g 2 / ~ z  
795 - 2000 Hz @ -6 dB/oct  
2000 Hz @ 0.15 g z l ~ z  
20 Hz @ 0.037 g 2 / ~ z  
20 - 48 Hz @ +4 dB loct 
48 - 109 Hz @ 0.12 g 2 / ~ z  
109 - 128 HZ @ +10 d B / ~ t  
128 - 940 Hz @ 0.20 g 2 / ~ z  
940 - 2000 Hz @ -6  dBloct 
2000 Hz @ 0.044 g 2 1 ~ z  
Composite = 39.2 grms Composite = 16.6 grms 
4. Vehicle Dynamics Criteria 
Longitudical Axis Lateral  Axes 
2 - 5 Hz @ 0.6 G1s peak* 
5 - 40 Hz @ 0.6 G1s p e r k  
5. Shock Tes t  Criteria 
See Table I 
* Desigr. Criteria Only. 
2 - 5 Hz @ 0.8 G1s peak* 
5 - 40 Hz @ 0.8 G1s peak  
SECTION VI. INDEX OF SPECIFICATIONS 
Vibration Specifications Page 
Zone 1 ET LH2 Aft Bulkhead.. ..................... 3-1 
Subzone 1- 1 ET LH2 Aft Bulkhead Gores 
.................... (General Specifications). 3- 1 
Subzone l- l-A Input to Components Mounted on the ET 
LH2 Aft Bulkhead Gores. Weight of 
......................... Component < 6 lb.. 3-1 
Subzone l-l-B Input to Components Mounted on the IlH2 
Aft Bulkheqd Gores. Weight of Component 
> 6 but < 18 lb ............................. i 3  
- 
Subzone l-l-C Input to Components Mounted on the ET 
LH2 Aft Bulkhead Gores. Weight of Com- 
ponent > 18 but < 40 lb. ................... 3-5 
- 
Sub zone l- l-D Input to Components Mounted on the ET 
LH2 Aft Bulkhead Gores. Pieight of Com- 
- 
............................ ponents - > 40 lbs 3- 7 
Subzone 1-2 ET LH2 Aft Bulkhead Cap and Covers 
(General Specifications). .................... 3- 9 
Subzone 1- 2-A Input to Components Mounted on the ET 
LH A f t  Bulkhead Cap and Manhole Cover 
Plates. Weight of Component < 50 lb. .  ..... 3-9 
Subzone 1-2-B Input to Components Mounted on the ET 
L H 2  Aft Bulkhead Cap and Manhole Cover 
Plates. Weight of Components - > 150 but 
.................................. < 150 lb.. 3-11 
Subzone 1-2-C Input +- Components Mounted on the El '  
L H 2  AIL 3ullrhead Cap and Manhole Cover 
Plates. Weight of Component - > 150 but 
c 300 1b. ................................... 3-13 
Subzone 1-2-D !nput - to the L H 2  Siphcil on the ET L H 2  




.......................... ET LT', Cylinder.. 3-17 
ET LH2 Cylinder, Aft Seotion (^tations X t  
2058 to X t  1624), Inboard Half (+Z A d s  
+90°) (General Specificationn). ............. 3- 17 
Subzone 2-1-1 Baffles and Stiffened Skin on the E'I LH2 
Cylinder, Aft Section (Stations Xt  2058 to 
Xt  1624),  Inboard Half (+Z Axis f 30°) 
................... (General Specifications) 3-17 
Subzone 2- 1- i-A Input to Components mounted on baffles and 
stiffened skin on the ,H Cy l i~~der ,  Aft Sec- 
tion (XT 2058 to X T  16241, Inboard Half 
(+Z +90°), and not within ?lo0 of the GO2 
Press. ~ i n e l ~ a b l e  Tray Installation. Weight 
of component < 15 lb. ...................... 3-li 
Subzone 2-1-:-I! I n p ~ t  o Components mounted on baffles and 
stiffened skin on the L H 2  Cylinder, Aft Sec- 
tion (XT 2058 to X T  1624), Inboard Half (+Z 
?90°), and not within ?lo0 of the GC , Press. 
Line/Cable TX~ Instnllatioc. Weight *of Corn-- 
.................. ponent - > 15 but < 45 lb. 3-19 
Subzone 2-1-1-C Input to Components mounted on baffles and 
stiffened skin on the LH2 Cylinder, Aft Sec- 
tion (XT 2058 to X T  1624), Inboard Half 
(+Z f90°), and not within +lo0 of the GO 
- 2 
Press. LineICaLle Tray Installation. Weight 
....................... of Component - > 45 lb. 3-21 
Subzone 2-1-1-AP Input to Components mounted en baffles and 
stiffened skin on the LH2 Cylinder, Aft Sec- 
tion (XT 205s - XT 1624), Inboard Half (+Z 
f90°) and within t l O O  of the GO2 Press. 
Line /Cable Tray Installation. Weight of 
Component .; 15 lb.. ........................ 3-23 
SECTION VI. INDEX OF SPECIFICATIONS (Continued) 
Subzone 2- 1- 1-BP Input to Components mounted on baffles 
and stiffened skin on the LH2 Cylinder, 
Aft Section (XT 2058 to XT 1624). 
Inboard Half (+Z ?90°) and within flOO 
of the GO:, Press. LincjCable Tray 
Installation. Weight of Component - > 15 
............................ but < 45 lb.. 
Page 
Subzone 2-1-1-CP Input t o  Components mounted on baffles arid 
stiffened skin on the  LH2 Cylinder, Aft 
Sectis2 (XT 2058 to XT 1624), Inboard Half 
(+Z +90°), and within ?lo0 of the  GO2 Press. 
Lins:'Yable Tray Installation. Weight of Com- 
................ pon0:.lt - ? 45 1b. but 100 Ib.. 3-27 
Subzone 2- 1-1-DP Input to Components Mounted on Baffles b 
Stiffened Skin on the  LH2 Cylinder, Aft Sec- 
tion ( X T  2058 to X, ld24), Inboard Half (+Z 
?90°) and within -- t l O O  of the GO2 Press. Line1 
Cable Tray Installation Weight of Component 
> 100 Ib. 3- 29 ................................... 
- 
S u b z ~ n e  2-1-2 Structural Ring at Station X t  1 8 9  in the E T  
LH2 Cvlinder, Inboard Half (+Z .lxis ?WO) 
..................... (Genera- Specifications). 3- 31 
Subzone 2-1-2-A Input to Components mounted on the Struc- 
tural Ring X T 1871, Inboard side ( + Z  i9ti0 j , 
and not within ?lo0 of the GO2 Press. Line/ 
-. 
Cable Tray Installation. Weight of Component 
< 75 Ib. .................................... 3-31 
Subzone 2-1-2-B In lu t  to Components mounted on the Structural  
Ring- 1871, Inboard side (+Z t9Oo), and 
not within t l O O  of the GO2 Press. LineiCable 
-.-.-.-- 
Tray installation. Weight of Comoonent 
.................................... > 75 1b. 
- 
3- 33 
SECTION VI. INDEX OF SPECIFICATIONS (Continued) 
Page 
Subzone 2-1-2-AP Input  to components mounted on  the  
s t ruc tura l  r i ng  ( X  1871), Inboard side T 
( + Z  t90°) and within ?lo0 of the  GO2 
-- 
Press .  I,ine/Cnble Tray  Installi~tion. 
......... Weight of Component < 75 Ib... 
Subzone 2-1-2-BP Input to components mounted on the  s t ruc-  
tural  r i ng  (X 18T1), Inboard s ide ( + Z  ?90°) T 
and withi11 +lo0 of the  GO2 Press .  !.inel 
Cable Tray  Installation. Weight of Component 
? 75 Ib. but < 225 Ib. ...................... 3-37 
- 
Subzsne 2- 1-2-CP -- Input to components mounted on the  s t ruc tura l  
Ring ( X T  187l) ,  Inboard side (+% ?90°) and  
within ?lo0 of the  GO., Press.  I,ine/Cable Tray  
- 
Installation. Weight of Component 
................................... 225 Ib. 3-39 
- 
Subzone 2-1-3 Structural  King a t  Station St 2058 in the  ET 
I.H, Cylinder,  Inboard Ilalf ( + Z  A d d s  +90°) 
" 
(CeneLsal Specifications). .................... 3-41 
S ubzone 2- 1- 3-A Input t o  components mounted on the  s t ruc-  
tural  Ring a t  ?i 3058, Inboard side ( + Z  T 




LineICable T ray  Installation. Weight of Com- 
ponent .: 100 Ib ............................ 3-41 
Subzone 2-1-3-B Input to  components mounted on the  s t ruc-  
t l 1 r ~ l  R i n w  : a t  Y ,05Q, !r,bc;;i-d side < + Z  
--- - - T  
t90°) and not with; - I +1u3 of GO2 Press .  
1,ineicable T r a y  Installation. Weight of  Com- 
............................ ponent : 100 Ib. 3-43 
- 
Subzone 2-1-3--4P -- Inpclt to components mounted on the  S t ruc-  
tural  Ring a t  X 3058, Inboard side ( + Z  T 
290°). and within -- t l O O  of t he  GO2 Press .  
I,ine/C:~ble Tray  1nst;tllt;tion. Weight of 
...................... Component i 10b Ibs.. 3-45 
SECTION VI= INDEX OF SPECIFICATIONS (Continued) 
Page 
Subzone 2- 1-3-BP Input to  components mounted on the struc- 
tural ~ i n g  at XT 2058. Inboard side (+Z 
+90°), and within +lo0 of the GO, Press. 
- 
LineICable Tray Installation. Weight of 
...................... Component - ' LdO lbs.. 
ET LH2 Cylinder, Aft Section (Stations Xt  
2058 to Xt  1624). Outboard Half ( -Z  Axis 
_+go0) . (General Specifications). ............. 
Subzone 2-2 
Subzone 2-2- 1 Baffles and Stiffened Skin on the  ET LH2 
Cylinder, Aft Section (Stations Xt  2058 to 
Xt  1624) Outboard Half (-Z Axis t90°). 
.................... ( Cencrsl Specifications). 
Subzone 2-2- 1-A Input to components mounted on baffles and 
stiffened skin on the ET LH2 Cylinder, Aft 
Secticn (Stations X t  2058 to X 1624). Out- t 
board Half ( -Z  Axis ?go0). Weight of Com- 
............................. ponent < 15 Ib. 
Input to component mounted on baffles and 
stiffened skin on the  ET LH2 Cylinder, Aft 
S ubzone 2- 2- 1-B 
Section (Stations X t  2058 to Xt  16241, Out- 
board Half (-Z Axis +-go0). Weight of Com- 
ponent > 15 but < 45 Ib .................... 
- 
Subzone 2-2- 1-C Input to components mounted on baffles and 
stiffened skin on the  ET LH2 Cylinder, A f t  
Seciion (Stations X 2058 to X t  1624), Out- t 
tJoard Half ( -Z  Axis +90°). Weight of Com- 
.............................. ponent - > 45 lb 
Subzone 2-2-2 
Subzone 2-2-2-A 
Structural Ring at  Station Xt 1871 in the ET 
LH2 Cylinder, Outboard Half (-Z Axis -+90°) 
( Generai Specifications). .................... 
Input to components mounted on the struc-  
tural r ing at station X 1871 in the  ET LH2 t 
Cylinci?r, Outboard Half !-Z Axis +90°). 
............. Weight of Component < 60 Ib.. 
SECTION V I .  INDEX OF SPECIFICATIONS (Continued) 
Page 
Subzone 2-2-2-B Input to components mounted on the struc- 
tural ring at station X t 1871 in the ET LH2 
Cylinder. Outboard Half (-Z Axis ?go0). 
Weight of Component ; 60 lb.. .............. 3- 57 
Subzone 2-2-3 Structural Ring at Station X 2u58 in the t 
ET LH2 Cysnder, Outboard Half ( -Z  Axis 
L 90°) (General Specifications). .............. 3- 59 
S ubzone 2- 2- 3-A Input to Components Mounted on the Struc- 
tural Ring at Station X t  2058 in the ET IAH2 
Cylinder, Outboard Half (-2 A d s  -+go0). 
Weight of Component < 100 lb.. ............ 3-59 
Subzone 2-2-3-B Input to Components Mounted on the Struc- 
tural Ring at Station X t  2058 in the ET LH2 
C ~ l i n d e r  , Outboard Half (-2 Axis +90°) . 
.............. Weight of Component - ; 100 lb. 3-61 
Subzone 2;3 ET L H 2  Cylinder, Forward Section (Stations 
Xt  1624 to X t  1130), Inboard Half ( + Z  A x i s  
.............. +90°) (General Specifications). 3-63 
Baffles and Stiffened Skin on the ET IAH2 
Cylinder, Forward Section (Stations X 
Subzoxie 2- 3- 1 
1624 to X t  1130), Inboard Half ( + Z  Axis 
.............. +90°) (General Specifjcntions). 3-63 
Subzone 2-3- 1-A Input to components mounted on baffles and 
stiffened skin on the L H 2  Tank, Forward 
Section (XT 1624 to X T  1123), Inboard Half 
(+Z +90°) and not - within +lo0 of the GO 2 
Press. ~ i n e  /cable Tray Installation. Weight 
of Component < 15 lb.. ..................... 3-63 
Sub zone 2- 3- 1-B Input to Components mounted on Baffles and 
stiffened skin on the L H 2  Tank, Forward Sec- 
tion (XT 1624 to XT 1123), Inboard Half 
(+Z  ?go0) and NOT within ?lo0 of the GO2 
Press. 1,ine ICtible Tray Installation. Weight 
........... of Component .- ; 15 but < -15 lbs.. 3-65 
SECTION VI. INDEX OF SPECIFICATIONS (Continued) 
Subzone 2-3-1-C Input to Components mounted on Baffles 
and stiffened skin on the  LH2 Tank,  
Forward Section (XT 1624 to  XT 1123). 
Inboard Half (+Z ?90°) and NOT - within 
+-LO0 of the  GO2 Press. LineICable Tray 
Installation. Weight of Component 
.................................... 45 1b. 3-67 
- 
Subzone 2-3-1-AP Input -- to  Components mounted on Baffles 
and stiffened skin on the  LH2 Tank,  For- 
ward Section (XT 1624 to XT 1123). 
Inboard Half (+Z  +90°) and within +lo0 
of the GO, Press. Li~.e/Cable Tray Instal- 
L, 
...... lation. IVeight of Component .: 15 lb.. 3-69 
Subzone 2-3-1-BP Input to Components mounted on Baffles and 
stiffened skin on the LH2 Tank,  Forward 
Section ( X T  1624 to  XT 1123). Inboard Half 
( + Z  +90°) and within t l O O  of the GO2 Press. 
1,ineiCable Tray Installation. Weight of Com- 
.............. ponent - :. 15 lb. but < 45 lbs.. 3-71 
Subzone 2-3-1-CP Input --toComponentsmountedonBaf~lesand 
stiffened skin on the LH2 Tank,  Forward Sec- 
tion ( X T  1624 to XT 1123), IrL3ard Half (+Z 
+90°) and within -- t l O O  of the GO2 Press. 
Line/Czb!~ Trzy Instr:!!ation. Weight of Corn- 
ponent > 45 lbs .............................. 3-73 
- 
Subzone 2-3-1-DP Input to Components Mounted on Baffles and 
Stiffened Skin on the LH2 Tank Forward Sec- 
tion (XT 1624 to  X T  1123), Inboard Half 
(+Z +90°) and within +lo0  of the GO2 Press. 
LineICable Tray Installation. Weight of Corn- 
ponent - :, 100 lb .............................. 3-75 
SECTION VI. INDEX OF SPECIFICATIONS (Continued) 
S ubzone 2-3- 2 
Puge 
Structural Rings a t  Stations X t  1624 
and X t  1377 in the  ET LH2 Cylinder, 
Inboard Half (+Z Axis +90°) (General 
Specifications) .............................. 3- 77 
Subzone 2-3-2-A Input to  Components mounted on Struc- 
tural  Ring a t  X,, 1624 and XT 1377 in the  
1 
LH2 Tank,  Inboard Half (+Z ?90°) , and 
NOT within +lo0 of the  GO2 Press. Line/ 
-
Cable Tray Installation. Weight of Com- 
......................... ponent < 30 lbs.. 
Subzorle 2-3-2-B Input to  Componerlts rnaunted on Struc- 
tural  Ring at XT 1624 and XT 1377 in the  
IAH2 Tank,  Inboard Half (+Z  t9n0). and 
NOT within ?lo0 of the  GO2 Press. I,inc/ 
-
Cable Tray Installation. Weight of Com- 
p ~ n e n t  L 30 but  < 90 lbs. .................. 3- 79 
Subzone 2--3-2-C Input to Components mounted on Structural 
Ring at X 1624 and XT 1377 in the LH2 T 
Tank,  Inboard Half (+Z +90°), and Not - 
- 
within +lo0 of the Go2 Press. 1,ineICable 
Tray Installation. Weight of Component 
................................... > 90 1b. 3-81 
Subzone 2-3-2-AP Input to Components mounted on Structural 
Ring Z x T  1624 and XT 1377 in the  1.H 
Tank,  Inboard Half (+Z +90°) and within 
?lo0 af the GO2 Press. ~inel~able-  ray 
Installation. Weight of Component 
.................................... 30 lbs 3-83 
Subzone 2-3- 2-BP Input to  Component5 mounted on Structural 
Ring at XT 1624 and XT 1377 in the I,Ii2 
Tank,  Inboard Half ( + Z  +90°) and within .--- 
i l O O  of the GO2 Press. 1,inelC;ible Tray 
Installation. Weight of Component - ;. 30 
but < 901bs ................................ 3-85 
SECTION VI. INDEX OF SPECIFICA'i'IONS (Continued) 
Subzone 2-3-2-CP Input to Components mounted on Struc- 
tural Ring at XT 1624 and XT 1377 in the 
LH2 Tank, Inboard Half (+Z f 90°), and 
within _+lo0 of the GO2 Press. LinelCable 
Tray Installation. Weight of Component 
................................... > 90 lbs. 
- 
3- 88 
S ubzone 2- 3- 3 Structural Ring at  Station Xt 1130 in the 
ET LH2 Cylinder, Inboard Half (+Z Axis 
+90°) (General Specifications). .............. 3-89 
Subzone 2-3-3-A Input to Components mounted on the Struc- 
tural Ring at XT 1130 in the LH2 Tank, 
Inboard Half (+Z +90°), and NOT within 
-
+lo0 of the GO2 Press. LinelCable Tray 
Installation. Weight of Component 
< 100 lbs.. ................................. 3-89 
Subzone 2- 3- 3-B Input to Components mounted on the Struc- 
tural Ring at XT 1130 in the LH2 Tank, 
Inboard Half (+Z t90°), and NOT within 
-
f l O O  of the GO2 Press. LineICable Tray 
Installation. Weight of Component 
> 100 lbs. ................................. 
- 
3- 91 
Subzone 2-3-3-AP Input to Components mounted on the Struc- 
tural Ring at XT 1130 in the LH2 Tank, 
Inboard Half (+Z +90°), and witnin +lo0 
of the GO2 Press. LinelCable Tray Instal- 
... lation. Weight of Component < 100 lbs.. 3-93 
Subzone 2-3-3-BP Input to Components mounted on the Struc- 
tural Ring at XT 1130 in the LH2 Tank, 
Inboard Half (+Z ?90°), and within +lo0 
-
of t.ie GO2 Press. LineICable Tray Instal- 
lation. Weight of Component > 100 lbs.. .... 3-95 
- 
SECTION VI= INDEX OF SPECIFICATIONS (Continued) 
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Subzone 2-4 
Subzone 2- 4- 1 
ET LH2 Cylinder, Forward Section 
(Stations X t  1624 to X t  1130), Outboard 
Half (-2 Axis 290°) (General 
Specifications) .............................. 3- 97 
Baffles and Stiffened Skin on the ET L H 2  
Cylinder, Aft Section (Stations X t  1624 to 
X, 1130), Outboard Ilalf (-Z Axis +90°) 
L 
(General Specifications). 3- 97 .................... 
Subzone 2-4- 1-A Input to Components Mounted on Baffles and 
Stiffened Skin on the E'T I,t12 Cylinder, Aft 
Section (Stations X t 1614 to X t  1130). Out- 
board Half (-2 Axis +90°). 8eight of Com- 
ponent < 15 1b .............................. 3- 97 
Subzone 2-4-1-B Input to Componel~ts Mounted on Baffles and 
Stiffened Skin on the ET L H 2  Cylinder, Aft 
Section (Stations X t  1624 to X t  1130). Out- 
board Ilalf (-Z Axis +90°). Weight of Com- 
ponent > 15 but < 45 lb.. 3- 99 .................. 
- 
Subzone 2-4-1-C Input to Components Mounted on Raffles and 
Stiffened Skin on the ET L H 2  Cylintler, Aft 
Section (Stations X 1624 to X t  1130), Out- t 
board Half ( - Z  Axis ?go0). Weight of Com- 
............................ ponent - :. 45 lb.. 3-101 
Subzone 2-4- 2 Structural Rings at Stations X t  1624 and X t  
1377 in the  ET L H ,  Cylinder, Outboard Half 
& 
(-Z Axis +90°) (General Specifications) ..... 3- 103 
Subzone 2-4-2-A Input -- to Components Mounted on the Struc- 
tural Rings at  Stations X t 1624 and X t  1377 
in the ET I,H2 Cylinder, Outboard Half (-Z 
Axis ?90°). Weight of Component 
................................... < 30 lb..  3-103 
SECTION VI-  INDEX OF SPECIFICATIONS (Continued) 
Page 
Sub zone 2- 4- 2-B Input -- - to Components Mounted on the Struc- 
tural Rings at Stations X t  1624 and X t  1377 
in the  ET LH2 Cylinder, Outboard Half ( - Z  
Axis 290°) Weight of Component - '. 30 but  
< 90 Ib. .................................... 3-105 
S~ibzone 2-4-2-C Input to Components Mounted on the  Struc- 
tural  Rings at Stations X 1624 and X t  1377 t 
in the ET LH2 Cylinder, Outboard Half ( - Z  
Axis ?90°). Weigllt of Component 
> 90 lb. .................................... 3-107 
- 
Subzone 2--4-3 Structural Ring a t  Station X t  1130 in the  ET 
LI-12 Cylinder, Outboard Half ( - Z  Axis ?90°) 
.................... (General Specifications). 3-109 
Subzone 2-4- 3-A Input to Components hlounted on the  Struc-  
tural Ring a t  Station X 1130 in the ET LH2 t 
Cylinder, Outboard Half ( - Z  Axis +90°). 
.............. Weight of Component .r 45 lb..  3-109 
Subzone 2- 4- 3-B Input to Con~ponents hlounted on the Struc- 
tural Ring Station X t  1130 in the  ET LH2 
Cylinder, Outboard Half (-Z Axis +90°). 
.... Weight of Component - > 45 but  < 135 lb.. 3-111 
Subzone 2-4-3-C Input to Components Mounted on the Struc- 
- 
tural Ring at Station X 1130 in the 1 " IlH2 t 
Cylinder, Outboard Half (-Z Axis ?90°). 
Weight of Component < 135 lb.. ............. 3-113 
Zone 3 ET Inter tank.  .............................. 3-115 
Subzone 3-1 ET Intertunk (Stations X 1130 to  X t  852), t 
Panels 1,  2 ,  and 3 (General Specifi- 
cations) .................................... 3-115 
Subzone 3-1- 1 Structural  Rings a t  Stt~tions X 1082, X t  1034 t 
X t  941, and X t  897 in Pnnels 1 ,  2 .  and 3 of 
the ET Intertank (General Specifi- 
cations) .................................... 3-115 
SECTION VI. INlIEX OF SPECIFICATIONS (Continued) 
Page 
Subzone 3-1-1-1-A Input  to  Components mounted on St ruc tura l  
------ 
Rings :it XT 941 itnd XT 897 in  P a n c b  1 ,  2,  
and 3 o f  the  Intcrtt tnk. and NOT within ?lo0 
-- 
of the  GO2 P1-ess. I,ine/Cable Triiy Installa- 
...... tior). Weight of Conlponcnt .: 25 Ibs . .  3-115 
Subzol~e  3- 1 - 1- 1-13 Input to Components rndunted on St ruc tura l  
Rings a t  Xrr 941 and XT 897 in Panels 1 ,  2 
and 3 of t hc  In te r tank ,  and NOT within 
-- 
_+lo0 of the  GO2 Press .  l.ine/Cable T r a y  
1nst:illation. Weight of Component :. 25 
- 
t ~ u t  .: 75 lbs .  .............................. 3-117 
Subzone 3- 1-  1 -  1-C Input --. - -- -- - to -- Components n~ounted on St ruc tura l  
R i l~gs  ilt XT 941 and X 897 in Panels 1 ,  2 T 
:ind 3 of the  In te r tank ,  i ~ n d  NOT - within 
?lo0 of' the  GO, Press .  r,ine/C:ihlc Triiy 2 
Insttillittion. Weight of Component 
.................................. 
- 
75 111s. 3-119 
Sul~zonc  3- 1- 1-  1-LIP Input ---.- to Cornponcnts mounted or; Struc tura l  
Kings iit X 941 and X 897 in Panels 1 ,  2 T 'r 
anti 3 of the  Intertilrik, iind withiti + l o 0  of 
- - - - -- --- 
the GO2 Prcss .  T,ine/C:il,lc T I * : [ ~  1nst:tll:ition. 
............ Weight of Component c 25 111s.. 3-121 
S ut~zone 3- 1- 1- 1-1% P - Input to Con~gonents mounted on Struc!ural 
Rings i ~ t  X 941 :ind XT 897 in Panels 1 ,  2 
'I' 
iind 3 of the  In te r tank ,  and within ? l o 0  
---- 
of the GO2 Press .  I,inc/Coble Truy Installa- 
tion. Weight of Component :. 25 but  
- 
< 75 l b s . ,  .................................. 3-123 
Sut~zonc 3-1-1-1-CP I n g t o  - - Components mounted o r  Structilral  
Rings : ~ t  X 941 and XT 897 j - 1  Panel 1 ,  2 
T 
and 3 of tk~e  Interti ink, and within _+lo0 of 
the GO2 Press .  r,inc/Cable T r t ~ y  Installa- 
. ........ tion. Weight of Conlponent - 75 lbs.  3-125 
SECTION VI .  INDEX OF SPECIFICATIONS (Continued) 
Page 
Subzone 3-1-1-2-A Input to Components mounted on Structural 
Rings a t  XT 1082 and XT 1034 in Panels 1 ,  
2 and 3 of the Intertank,  and NOT within 
-
?lo0 of the GO2 Press. LineICable Tray 
Installation. Weight of Component 
< 25 lbs. .  .................................. 3-127 
Subzone 3-1- 1-2-B Input t o  Components Llounted on Structural 
Rings a t  XT 1082 + XT 1034 in Panels 1, 2 
& 3 of the  Intertank, ~ n d  NOT within t l O O  
-- 
of the GO2 Press. LinelCable Tray Instal- 
lation. Weight of Component - > 25 but  
< 75 lb. . . .  ................................. 3-129 
S u b z ~ i l e  3- 1- 1-2-C Input to Components Mounted on Structural  
Rings a t  XT 1082 & XT 1034 in Panels 1 ,  2 
and 3 of the Intertank,  and NOT within +lo0 
-
of the GO, Press. Line/Cnb!e Tray Instal- 
L 
lation. Weight of Component - '. 75 lb... ...... 3-131 
Subzone 3- 1- 1-2-AP Input to Components Mounted on Structural  
~ i n g s  at X T  1082 and X T  1034 in Panels 1, 
2 & 3 of the Intertank,  and -- within ?lo0 of 
the GO2 Press. LineICable Tray Installation. 
............... Weight of Component < 25 lb.. 3-133 
Subzone 3-1-1-2-BP lnput  to Components Mounted on Structural  
Rings at XT 1082 and XT 1034 in Panels 1 ,  
2 & 3 of thc Intertank,  and within +lo0 of 
the  GO2 Press. LineICable Tray Installation. 
..... Weight of Component - > 25 but < 75 lb.. 3-135 
Subzone 3- 1- 1-2-CP Input to Components Mounted on Structural 
Rings at XT 1082 and XT 1034 in Panels 1, 
2 & 3 of the Intertank,  and within +1.O0 of 
the GO2 Press. 1,inelCable Tray Installation. 
Weight of Component - > 75 lb . .  .............. 3-137 
SECTION VI. INDEX OF SPECIFICATIONS (Continued) 
Subzone 3-1-2 S t ruc tura l  Ring at Station X 985 in t 
Panels 1 ,  2 ,  and 3 of the  ET Inter tank 
.. .............. (General Specifications). .. 3- 139 
Subzone 3- 1-2-A I t ~ p u t  to  Components Rlounted on St ruc tura l  
Ring a t  X 985 in Panels 1, 2 and  3 of' the  T 
In te r tank ,  and Not within ? lo0  of t he  GO2 
Press .  1,ineICable T ray  installation. Weight 
..................... of Component .: 30 lb . .  3-139 
Subzone 3-1-2-B Input  to Components Rlounted on St ruc tura l  
Ring at X T  985 in Panels 1,  2 and  3 of' t he  
In te r tank ,  and NOT within ? l o 0  of the  GO2  
Press .  I.ine/Cable T ray  Insttlllation. Weight 
of Component :. 30 but  < 90 lb.. ............ 3-141 
- 
Subzone 3- 1-2-C Input  to  Components Rlounted on Structural  
--
Ring a t  XT 985 in Panels 1 ,  2 a: 3 of t he  
!ntertnnk, 2nd YQT   it hi:^ ? l o 0  of' thc GO2 
-- .- .-- - 
Press .  Lilie/Cable Tray  Instt~lltition. Weight 
...................... of Component - :. 90 lb. 3-143 
Subzone 3-1-2-AP Input  ----- to Components Rlounted on Structural  
l i ing tit )iT 985 in Panels 1 ,  2 & 3 of the 
In te r tank ,  t ~ n d  --- within ?lo0 of the  GO, Press .  
- 
T,ine/C:lble T ray  Installation. \Vcight of' Con]- 
ponent .: 33 lb.. ............................ 3-145 
Subzone 3- 1- 2-BP Inp -- dt .- to Components Rlountecl on S t ruc tura l  
Ririg at  Xrr 585 in Panels 1 ,  2 & 3 of the  
Intertt ink, and within + lo0  of the  (i0, Press .  
- 
Line /Cable Tray  Installtition. VJcight of Com- 
. ....................... por!et~t :, 30 but 90. 3-147 
- 
Subzone 3- 1-2-C? Input  to Components llounted c, S tlluctural 
Finc: ;~TS 985 in P;~nels  1 ,  P & 3 of the  
' S  
In te r tank ,  titld within - -- - - -. ?lUO of' the (20, Press .  
- 
Linc/C:il>le Tray  1nstall:ttion. Wcight of' Conl- 
ponent 90 lb.. ............................ 3-149 
SECTION VI. INDEX OF LPEC:IFICATIONS (Continued) 
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S ubzane 3- 1-2 Structural Ring at Station X 985 in t 
Panels 1 ,  2, and 3 of the  ET Intertank 
(General Specifications). .................... 3- 139 
Subzone 3- 1-2-A Input to  Components Mounted on Structural 
Ring at XT 985 in Panels 1 ,  2 and 3 of the  
Intertank, and Not within f l O O  of the GO2 
Press. LinelCable Tray installation. Weight 
..................... of Cumponent < 30 lb..  3-139 
Subzone 3-1-2-B Q J ~  to Components Mounted on Structural 
Ring at XT 985 in Panels 1 ,  2 and 3 of the  
I n t ~ r t a n k ,  and NOT within k l Q O  of the GO2 
Prl?ss. LinelCable Tray Installation. Weight 
of Component > 30 but < 90 Ik.. ............ 
- 
3-141 
Subzone 3- 1-2-C Input - to Ccniponents Mounted on Structural 
Ring at XT 985 in Panels 1, 2 & 3 of the  
Intertunk., and NOT - within klOO of the GO2 
Press. LineICable Tray Installation. Weight 
...................... of Component - > 90 lb. 3- 143 
Subzone 3- 1-2-AP Input to Components Mounted on Structural 
Ring at XT 985 in Panels 1, 2 & 3 of the 
Intertank,  and -- within +lo0 of the  GO2 Press. 
LineICable Tray Irstallation. Weight of Com- 
....... ................... ponent < 30 Ib.. .. 3-145 
Subzone 3-1-2-BP Ingut to Components Mounted on Structure1 
Ring at  XT 985 in Pa.nels 1, 2 & 3 of the  
Intertank, and within ?lo0 of the GO2 Press. 
LinelCable ? :.ay Installation. Weight of Com- 
ponent - > 30 but < 90 . . . . . . . . . . . . . . . . .  ....... 3- 147 
Subzone 3-1-2-CY Input to Components Mounted on Structural 
Ring at XT 985 in Panels 1, 2 & 3 of the  
inter tan^, anc: within +lo0 of the GO Press. 
-- 2 
LineICable ';ray I~~sta l la t icn .  Weight of Com- 
............................ poneni - > 90 lb.. 3-149 
SECTION Vl- INDEX OF SPECIF!CATIONS (Continued) 
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Subzone 3-2-2-C Input  t o  Components Mounted on St ruc tura l  
Ring a F ~ t a t i o n  X t  985 in Panels 4 und 5 of 
the ET Inter tank Weight of Cnnlponerlts 
> 225 Ib. ................................... 3-161 
- 
S ubzone 3- 2- 3 SHB Boun~ a t  Station X 985 of t he  ET 
t 
Inter tank (Gcr~erol Specifications). .......... 3-153 
Subzone 3-2-3-A Iny~. :  t o  Components Mounted on the  SHB 
Beam a t  Station X t  985 of t he  ET 
.................................. Inter tank.  3-163 
Subzone 3- 3 ET lnter tunk (St:.rtions X 1130 to  X t  852). t 
Panels 6 ,  7 ,  and 8 (General Specifica- 
tions) ...................................... 3-165 
S ubzone 3- 3- 1 St ruc tura l  Rings a t  Stations X 1082, X 
t 1034 (Partial) ,  X t  941, a s d  X t  879 in Panels 
6 ,  7 ,  and 8 of the  ET Intert,.';k (Genzr:ll 
Specifications) .............................. 3-165 
S~lbzone  3-3-1-A Input tp Components Rilounted on Structural  
Rings at Stations X 108?: X t  1034 (Purtial) , t 
Xt  941, and X t  897 on Panels t i .  7 ,  and 8 of 
the ET In te r tank ,  Weight of Component 
.: 25 Ib. .  ................................... 3-165 
Subzone 3-3- 1-B Input  tc  Components Rlounted on St ruc tu  11 
Rings at Stations X 1082, X t  1034 (Parti t t i) ,  t 
X t  941 tlnd X t  897 on Pr~nels 6 ,  7. and 8 of 
the ET Interttink. Weight of Component 
.......................... : 25 but  ; 75 lb.. 3-167 
- 
Scbzone 3-3-1-C Input to Components hlounted on St ruc tura l  
---- 
Rings at  St t~t ions X 1082, X t  1034 (P;lrt i ;~l),  t 
X 941 and X t  897 on Pancls 6 .  7 ,  and 8 of t 
the  ET 1ntert:ink. Vieight of Component 
. . .  . . . . . . . . . . . . . . . . . .  
-- 
75 but ; 225 lbs. .  . 3- 169 
SECTION VI. INDEX OF SPECIFICATIONS (Continued) 
R 
Q : - to Components Mounted on Structural 
Rings at  Stations Xt  1082, Xt  1034 (Partial), 
Xt  941, and Xt  897 in Panels 6, 7, and 8 of 
the ET Intertank. Weight of Component 
> 225 lb . .  ................................. 
- 
Structural 3ing at Station X 985 in Panels t 
6, 7 ,  and 8 of the ET Intertank (General 
S p e ~ ; ~ c e t i o n s ) .  .. .......................... 
Subzone 3-3-2 
S . .b zone 3- 3- 2-A Input to Components Mounted on the Struc- 
tural Ring at Station X 985 in Panels 6, 7, t 
and 8 of the ET Intertan:;. Weight oT Com- 
............................ ponent < 35 lb.. 
Input to Colnponcx-s Mounted on the Struc- 
tural Rirg at Stqtian X t 985 in Panels 6, 7, 
Subzone 3- 3- 2-B 
and 8 of the i .ertank. Weight of Com- 
................. ponent - > 35 b;:t 100 lb. 
Subzoce 3- 3- 2-C In ut to Components hlount~ i on the Struc- 
J--2- t u r d  !ling at Station X 985 in Panels 6, 7, t 
and 8 of the ET intertank. Weight of Com- 
.......................... ponent - > 100 lb.. 
Structural Ring at Station X 1034 Between t Subzcne 3-3-3 
Subzone 3-3-3-A 
the -7. Axis arrd the Access Door of the ET 
l i~tertank (Genera; Specifications). .......... 
Input to Components trlounted on the Struc- 
tural Ring at Station X 1034 Between the t 
-2 Axis and the Access Door of the ET 
.... Intertank Weight of Corryonent < 30 lb.. 
Input to Components Mounted on thc Struc- 
- -  
tural Ring at Station Xt  1C34 Between the 
- Z  Axis and the Access Door of ;he ET 
In i~ r t ank .  Weight of Coinponent - 1 30 but 
< 90 lb.. ................................... 
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Subzone 3-3-3-C 
Subzone 3-4 
S ubzone 3- 4- 1 
Subzone 3-4-1-A 
Subzone 3-4- 1-B 
Subzone 3- 1- 1-C 
Subzone 3-4-2 
Subzone 3- 4- 2-A 
Subzone 3- 4- 2-B 
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Input to Components Mounted on the Struc- 
tural Ring at  Station Xt  1034 Between the 
- Z  A-uis and the Access Door of the E T  
Intertank. Weight of Component 
> 90 1b ..................................... 3-181 
- 
ET LH2 Forward Bulkhead (General 
.............................. Specifications) 3- 182 
ET LH Forward Bulkhead Gores (Stations 2 
X t  1130 to X t  1008) (General Spedica-  
tions) ...................................... 3-182 
Input to Components hleunted on the ET 
LH2 Forward Bulkhead Gores (Stations X t  
1130 to Xt  1008). Weight of Cornponerrt 
................................... < 10 lb.. 3-182 
Input to Components hlounted on the ET 
i H 2  Forward Bulkhead Gores (Stations X t  
1130 to X t  1008). Weight of Component 
.......................... > 10 but < 30 lb. 
- 
3- 184 
Input to Components Rilounted on the ET 
LH2 Forward Bulkhead Gores (Stations Xt  
1130 to Xt 1008). Weight of Component 
.................................... > 30 lb. 3-186 
-. 
ET LH2 Forward Bulkhead Cap (Station Xt  
1008) (General Specifications). .............. 3-188 
r ut to Components Mounted on the ET J ~ J !  
' - 2  Forward Bulkhead Cap (Station X t  
...... 1008). Weight of Component < 20 lb.. 3-188 
Input to Components Mounted on the ET 
LH2 Forward Bulkhead Cap (Station X t  
10011). Weight of Component - :. 20 but 
.................... < 60 ib . . . . . . . . . . . . . . . . .  3- 190 
SECTION VI* INCEX OF SPECIFICATIOhS (Continued) 
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Subzone 3-4-2-C Input to  Components Mounted on the  ET 
LH2 Forward Bulkhead Cap (Station Xt  
1008). Weight of Component - 60 lb..  ...... 3-192 
Subzcne 3-5 ET LO2 Aft Bulkhead (General 
Specifications) ............................. 3- 194 
Subzone 3-5- 1 ET LO2 Aft Bulkhead Gores (Stations X t  
963 to Xt  854) (General Specifications). ..... 3-194 
Subzone 3-5- 1-A Input to Components hlounted on the  ET 
LC2 Aft Bulkhead Gores (Stations X t  963 
to X t  854). Weight of Components 
.................................... -: 12 lb. 3-194 
Subzone 3-5-1-8 Input to Components hlounted on the ET 
Eo2 AT Bulkhead Gores (Stations X t  963 to  
X t  854). Weight of Components - > 12 bu t  
< 36 lb ..................................... 3-196 
Subzone 3-5-1-C Input to Components hlounted on the ET 
LO2 Aft Bulkhead Gores (Stations X t  963 
to X t  854). Weight of Component 
> 36 1b ..................................... 3-198 
- 
Subzone 3-5-2 ET LO, Aft Bulkheac! Cap (Station X t  854) 
- 
..................... (General Specificatiuns) 3-200 
Subzone 2-5-2-A Input to Components Mounted on the ET LO2 
Aft Bulkhead Cap (Station X t  854). Weight 
of Components < 50 lb..  .................... 3-200 
Subzone 3-5-2-B Input to Compor~ents Mounted on the ET LO2 
-- 
Aft Bulkhead Cap (Station X t  854). Weight 
. . . . . . . . . .  of Components > 50 but < 150 lb.. 3-202 
- 
SECTION VI.  INDEX OF SPECIFICATIONS (Continued) 
Subzone 3-5-2-C Input to Components Mounted on the ET 
LO2 Aft Bulkhead Cap (Station X t  854). 
Weight of Component - . 150 lb.. ............. 3- 204 
ET I,O, Cylinder ............................ 3-206 2 Zone 4 
Subzone 1-1 ET LO2 Cylinder (Stations X t  852 t o  X t  747) 
.................... (General Specifications). 3- 206 
Subzone 4.- 1-A Input to Components Mounted on the  ET LO 
Cylinder (Stations XT 852 to XT 747) and not 
within ?lo0 of the  GO2 Pressure 1,inelCable 
Tray Installation. Weight of Components 
..................................... / 15 lb 3-206 
Input to Components lllounted on the ET LO 2 
Cylinder (Stations X 852 to XT 747) and T 
not within ?lo0 of the GO2 Pressure Line/ 
Cable Tray Installation. Weight of Com- 
ponents .. 15 but ' 45 lb. .................. 3-208 
- 
Subzone 4- 1-B 
Subzone 4- 1-C Input to Componen s Mounted on the ET LO 
- -- 2 
Cylinder (Stations X 852 and XT 747) and T 
not within ? lo0 of the  GO2 Pressure Line/ 
Cable Tray Installation. Weight of Components 
.. 45 lb.. ................................... 3-210 
- 
Subzone 4- 1-AP Input - -A- to Components Mounted on the LO 2 
Cyiinder ( X  852 to  XT 747) ood within t l O O  T 
of the GO2 Press. LineICable Tray Installa- 
tion. Weight of Components < 15 lb.. ....... 3-212 
Input A- to Cornponents h lou~red on the LO2 
Cylinder ( X T  852 t~ XT 747) and within 
+lo0  of the GO2 Press. LinetCable Tray 
Installation. Weight of Component > 15 but  
- 
................................... < 45 lb..  3-214 
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Cylinder (XT 852 to XT 747) and within 
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..................................... i 45 lb 3-216 
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................... Z ~ n e  5 ET Ogive and Nose Ctrp.. 3-218 
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.: 30 lb. . . .  ................................. 3-226 
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ponent > 30 lb.. ............................ 3-228 
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S ubzone 5- 2-A Input to  Components Mounted on the  ET 
Ogive, Forward Section (Stations X 537 to t 
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X 371) and not within ?!OO of the  GO,, t " 
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.............. Weight of Comp~nent  ; - 21 !b. .  3-234 
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;. 7 but .: 21 lb.. ........................... 3-238 
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Figure 4- 1. Major Sources of Vibration (Criteria) Zone Locations. 
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SECTION 11. VIBRATION AP.dr) SHOCK SPECIFICATIONS 
(Zone A) 
Vapr Sources of Vibrations - Zones A Through I 
- -  -. 
SSWE Vibration Criteria Zone A 
- 
This zgnc includes the main combustion chamber (MCC), the injector, the dome, and 
tl ik.niter and cluxillary spark igniter (ASI) chamber. Vibration amplitudes a re  as 
Transient shock spectrum-R 1 : (Engine axes) 
X ,  'i' and Z a - ;  . (Q=10) 120 pulses 
---- - 
10 Hz @ 1.0 g peak 
?ii Hz @ 40.0 g pzak 
YO0 Hz @ 60.0 g peak 
2008 Hz @ 150.0 g peal- 
Par-!:el to the engine centerline ( e n h e  X axis) 
Steady-state random vibration amplitudes-R4: 
Random composite reference level = 13.70 g r m s  
Superimposed steady-state sinusoids-R 4 : 
Sinusoidal dwells of 2.0 g r m s  tit 500 Hz and  2.5 g r m s  a t  600 Hz for  6.5 h r  
Sinusoidal sweep of 2.5 g r m s  from 350 Hz to 620 Hz to 350 Hz at 270 Hzlmin for  
1.0 hr 
Total composite level = 14.10 g r m s  
Perpendicular to  engine center  line (engine Y axis) 
Steady-state random vibration amplitudes-R4: 
20 - 150 Hz @ 0.007 ( g  r m s ) 2 / ~ z  
150 - 230 Hz @ +7.03 dB/oct 
230 - 280 Hz @ 0.019 ( g  r m s I 2 1 ~ z  
280 - 300 HZ @ -10.31 d B 1 0 ~ t  
300 - 360 Hz @ 0.015 ( g  r m ~ ) ~ l ~ z  
360 - 380 Hz @ -22.58 dB Ioct 
380 - 51b Hz @ 0.01 ( g  r m s ) 2 / ~ z  
510 - 700 Hz @ +13.18 dB Ioct 
700 - 820 Hz Q 0.04 (g r m s ) 2 / ~ z  
820 - 910 Hz 4 +2.76 dB Ioct 
910 - 1100 Hz @ 0.044 (g r m s 1 2 / ~ z  
1100 - 1140 Hz @ -16.91 dB Ioct 
1140 - 1210 Hz @ 0.036 (g r m s ) 2 / ~ z  
1210 - 1320 Hz @ +14.03 dB Ioct 
1320 - 1370 Hz @ 0.054 (g r m s ) 2 / ~ z  
1370 - 1410 Hz @ -31.39 dB1oct 
1410 - 1510 Hz 4 0.04 (g r m s ) 2 / ~ z  
1510 - 1680 Hz @ +22.88 dB1Hz 
1680 @ 0.09 (g r m ~ ) ~ / ~ z  
1680 - 1800 Hz @ +78.98 dB Ioct 
1800 - 2000 Hz @ 0.55 ( g  r m s ) 2 i ~ r  
(Zone A)  
Random composite reference level = 13.99 g r m s  
Superimposed steady-state sinusoids-R4: 
Sinusoidal dwells of 0.9 g rrns a t  250 Hz, 2.0 g r m s  a t  500 Hz, 2.5 g rrns at  600 Hz, 
1.3 g rrns at  1000 Hz, and 4.9 g rrns a t  2000 Hz for 6.5 hr 
Sinusoidal sweeps of 2.5 g rrns from 200 Hz to  1040 Hz to 200 Hz a t  340 Hzlmin and 
4.9 g r m s  from 1400 Hz to 2000 Hz a t  1400 Hz at  600 Hzlmin for 1.0 hr.  
Total composite level = 15.25 g rrns 
Tangential to engine centerline (engine Z axis) -
Steady-state random vibration amplitudes-R 4 : 
:z @ 0.007 (g r r n s ) a / ~ z  
:z @ +12.77 dB/oct 
!z @ 0.025 (g r m s ) Z / ~ z  
!z @ -5.61 dB/oct 
lz @ 0.012 (g r m s ) Z / ~ z  
lz @ +13.97 dB/oct 
[z 8 0.04 (g r r n ~ ) ~ / ~ z  
[Z  B +2.97 dB/oct 
[ Z  @ 0.043 (g r r n ~ ) ~ / ~ z  
[ Z  @ -11.71 dB/oct 
lz 8 0.036 (g r m ~ ) ~ / ~ z  
I Z  @ +9.72 dB/oct 
[Z @ 0.048 (g rms) 2 / ~ z  
I Z  @ +41.84 dB/oct 
[Z  @ 0.079 (g r rns )Z /~z  
lz @ -65.90 dB/oct 
I Z  @ 0.059 (g r m ~ ) ~ / ~ z  
[Z @ +43.08 dB /act 
lz @ 0.55 (g r m s ) a / ~ z  
(Zone A) 
Random composite reference level = 14.78 g r m s  
Superimposed steady-state sinusoids-R4 : 
Sinusoidal dwells of 2.0 g r m s  at 500 Hz, 2.5 g r m s  at 600 H z ,  1.1 g r m s  at 1000 Hz 
and 3.8 g r m s  at 2000 Hz for 6.5 hr. 
Sinusoidal sweeps of 2.5 g rms from 350 Hz to 1040 Hz to 350 Hz at 340 Hzlmin and 
3.8 g rrns from 1400 H z  to 2000 Hz to 1400 Hz at 600 Hzlmin for 1.0 hr. 
Total composite level = 15.64 g r m s .  
*.  
/ / 7,. I " . . I  \; 1 ...%&$? * *::: b %. 
- ",I' i r r  .-.&A* , *- , . , *. * ,*-. . *.* , zw+v. , , .y..  ~ .-**3* %.*s- ..- ag*+-p.**<.>-. +*: >- : * * + J : 
(Zone A- 1) 
4.5.1.1 SSME Vibration Criteria Zone A- 1 
This zone includes the main combustion chamber (MCC) PC offset mount. Vibration 
ampllt udes (based on DVS testing representing accumulated engine - FPL operation 
time) are: 
Tangential direction (component X axis) 
Steady-state random vibration-R4 : 
(Zone A-1) t 4  
Random composite reference level = 18.72 g r m s  
Superimposed steady-state sinusoids-R 4 : 
Sinusoidal dwells of 4.2 g rrns at 500 Hz, 1.3 g r m s  at 600 Hz, 1.5 g r m s  at 1200 H z  
and 3.2 g rms at 2000 Hz for 6 . 5  hr. 
Sinusoidal sweeps of 4 .5  g rrns from 350 Hz (MPL) to 620 Hz (FPL) to 350 Hz (MPL) 
at 270 Pzlmin and 3.2  g r m s  from 1400 Hz (MPL) to 2000 Hz (FPL) to 1400 Hz (MPL) 
at 600 H z  Imin for 1.0 hr.  
Tote1 composite level = 19.55 g rms 
Radial direction (com~onen t Y axis) 
(Zone A-1) 
Random composite level = 21.81 g rms 
Superimposed steady-state sinusoids-R4 : 
Sinusoidal dwells of 1.1 g rrns a t  500 Hz, 1.3 g rms a t  600 Hz, 1.1 g r m s  a t  1000 Hz 
a n d  3.5 g lams a t  2000 Hz for  6.5 ' ~ r .  
Sinusoidal sneeps  of 1.3 g r m s  from 350 Hz (MPL) t o  620 Hz (FPL) to  350 Hz (MPL) 
a t  270 Hzlmm and  3.5 g r m s  from 1400 Hz (MPL) to  2000 Hz (FPL) t o  1400 Hz (MPL) 
a t  600 Hz /r,lin for  1.0 h r .  
Total composite level = 22.18 g r m s  
Lon eitudinal direction (com~onerl t  Z axis  1 
Steady-state random vibration-R4 : 
20 - 250 Hz @ 0.03 ( g  r m ~ ) ~ / ~ z  
250 - 310 Hz @ 9.70 dB1oct 
310 - 440 Hz @ 0.06 ( g  r m s ) 2 1 ~ z  
440 - 450 Hz @ -24 dB !oct 
450 - 970 Hz @ 0.05 (g r m s ) 2 / ~ z  
970 - 1140 Hz @ 38.76 dB Ioct 
1140 - 1350 Hz @ 0.4 ( g  r m s ) 2 / ~ z  
1350 - 1400 Hz @ 67.12 dB1oct 
1400 - 1520 Hz @ 0.9 ( g  r m s ) Z / ~ z  
1520 - 1550 Hz @ 50.60 dB1oct 
1550 - 1580 Hz @ 1.25 (g r m ~ ) ~ l ~ z  
1580 - 1700 Hz @ -30.19 dB Ioct 
1700 - 1750 Hz @ 0.6 (g  r m s ) 2 1 ~ z  
1750 - 1770 Hz @ 135.32 dB1oct 
1770 - 1830 Hz @ 1.0 (g r m s ) Z l ~ z  
1830 - 1890 Hz @ -150.18 dB1oct 
1890 - 2000 Hz @ 0.2 ( g  r m s ) 2 1 ~ z  
(Zone A- 1) 
Random composite reference level = 25.08 g rms 
Superimposed steady-state sinusoida-R4 : 
~ ' 
! Sinusoidal dwells of 1.4 g rms at 500 Hz, 3.2 g r m s  at 600 Hz, 0 . 9  g rms at 1000 Hz 
1 '. and 2.6 g r m s  at 2000 Hz for 6.5 hr.  
Sinusoidal sweeps of 3.2 g m s  from 350 Hz (MkL) to 620 H z  (FPL) to 350 Hz (:dPL) 
t 
at 270 Hzlmin and 2.6 g r m s  from 1400 H z  (MPL) to 2000 H z  (FPL) to 1400 Hz (MPL) 
: I at 600 H z  Imin for 1.0 hr .  
I 
(Zone B) 
4.5.2 SSME Vibration Criteria Zone B 
This zone includes the main combustion chamber (MCC) throat to nozzle attach point, 
the engine controller. Vibration amplitudes are as  follows : 
Transient shock spectrum-R4 : (engine axes) 
X .  Y and Z axis ( 9 = 1 0 )  120 ~ u l s e s  
10 Hz @ 2 . 8  g peak 
26 Hz @ 11.4  g peak 
100 Hz @ 100 g peak 
380 Hz @ 270 g peak 
620 Hz @ 220 g peak 
800 Hz @ 360 g peak 
1200 Hz @ 480 g peak 
1620 Hz @ 380 g peak 
2000 Hz @ 340 g peak 
Parallel to the engine centerline (engine X axis) 
Steady-state random vibration amplitudes-E4: 
(Zone B) 
Random composite reference level = 25.10 g rms 
Superimposed steady-state sinusoids-R4: 
Sinusoidal dwells of 5 . 8  g rms at 500 Hz, 4 .7  g rms at 600 Hz hAld 4 .0  g rms at 2000 
H z  for 6.5  hr and 5 . 1  g rms at 1200 Hz for 7.5 hr. 
Sinusoidal sweeps of 5.8 g rms from 350 Hz to 620 Hz t9 350 0q: at 270 Hz/min and 
4.0  g rms from 1400 H z  to 2000 Hz to 1400 Hz at 600 Hzlmin -or 1.0  hr. 
Total composite level = 27.64 g r m s  
Radial to engine - centerline (engine Y and Z axes) 
Stecrdy-state random vibration amplitudes-R4: 
(Zone B )  
Random composite reference level = 31.32 g rms 
Superimposed steady-state sinusoids-R 4 : 
Sinusoidal dwells of 8.0 g r m s  at 500 Hz, 3.8  g rms at 600 Hz and 5 . 5  g r m s  at 2000 
H z  for 6.5 hr  and 1.9  g rms at 1000 Hz for 7.5 hr .  
Sinusoidal sweeps of 8 .0  g rms from 350 Hz to 620 H z  to 350 H z  at 270 Hzlmin and 
5.5 g r m s  f r ~ m  1400 Hz to 2000 Hz to 1400 H z  at 600 Hzlmin for 1.0 hr  
Total composite level = 33.06 g r m s .  
4.5.2.1 SSME Vibration Criteria Zone B-1 
This zone includes the flight accelerometer safety cutoff systzm (FASCOS) , Vibration 
amplitudes are as follows: 
Transient shock spectrurn-R4 : (component axes) 
X ,  Y and Z axes (Q=lO) 120 pulses 
20 H z  @ 20.0 g peak 
70 Hz @ 90.0 g peak 
800 Hz @ 80.0 g peak 
2000 Hz @ 250 g peak 
Longitudinal direction (component. X axis) 
Steady state random vibration amplitudes-R4: 
Random composite reference level = 3.67 g rrns 
Superimposed steady-state sinusoids-R 4 : 
Sinusoidal dwell of 2.5 g r m s  at 1000 H z  for 7.5 hr .  
Total composite level = 4.44 g rms 
(Zone B-1) 
i 
Tangential direction (component --- Y axis) 
4 Steady state random vibration amp..ltudes-R4: 
Random composite reference level = 4.17 g rms 
Superimposed steady-st~te sinusoids-R 4 : 
Sinusoidal dwells of 0.67 g r m s  at 500 H z ,  0 . 6 9  g r ..s at 600 H z  and 0 .32  g rms at 
2000 Hz for 6 . 5  h r  and 0 .42  g rms at 1000 Hz far 7 . 5  hr  
Sinusoidal sweeps of 0 .69  g rms from 350 Hz to 620 H z  to 350 Hz at 270 Hzlrnin and 
0.32 g rms from 1400 Hz to 2000 Hz to 1400 Hz at 600 Hzlmin fop 1 . 0  hr 
Total composite level = 4.31 g rms 
Vertical direction (component Z axis) 
Steady state random vibration amplitudes-R4: 
Random composite reference level = 3.75 g r m s  
Superimposed steady-stat, sinusoids-H4: 
(Zone B-1) 
Sinusoidal dwells of 0.49 g rms at 500 Hz for 6.5 hr and 0.27 g rms at 1000 H z  for 
7.5 hr. 
Sinusoidal sweep of 0.49 g rrns from 350 H z  to 500 Hz w 350 H z  at 150 H z / i n i n  for 
1.0 hr. 
Total composite level - 3.79 g rrns 
4.5.3 SSME Vibration Criteria Zone C 
This zone includes the thrust chamber nozde and the engine attach point for the 
heat shield. Vibration amplitudes are a s  follows : 
Tra?~sient shock spectrum-R4: (engine axes) 
X ,  Y and Z axes (Q=10) 120 pulses 
13 H z  @ 5.0 g peak 
25 Hz @ 120 g peak 
150 Hz @ 640 g peak 
260 Hz @ 5740 g peak 
850 Hz @ 5740 g peak 
1100 Hz @ 7570 g peak 
1520 Hz @ 5740 g peak 
1670 K t  @ 6500 g peak 
2000 Hz U 4340 g peak 
Parallel to the engine centerline (enPine X axis) 
Steady-state random vibration amplitudes-R4: 
Random composite reference level - 84.90 g - .ns 
Superimposed steady-state sinusoids-R4 : 
Sinusoidal dwell of 30 g r m s  at  600 Hz for 6.5 hr.  
Sinusoidal sweep of 30 g r m s  frc- 450 Hz to 620 Hz to 450 Hz at  170 Hzlmin for 
1.0 hr. 
Total composite level = 90.04 g r m s  
(Zone C) 
Radial to the engine centerline (engine Y and Z axes) 
Steady-state randam vibration amplitudes-R4: 
Random composite reference level = 61.42 g rms 
Superimposed steady -state sinusoids-R 4 : 
Sinusoidal dwells of 9 .8  g rms at 500 H z  and 35 g rms at 600 H z  for 6.5 hr 
Sinusoidai sweep of 35 g rms from 350 Hz to 620 H z  to 350 H z  at 270 H z i m i n  for 
1.0  hr. 
Total composite level = 71.37 g rms 
(Zone D) 
SShlE Vibration Criteria Zone D 
This zone includes the oxidizer preburner (OPB) and the oxidizer preburner igniter. 
Vibration amplitudes are as follows: 
Transient shock spectrum-R2: (engine axes) 
X ,  Y and Z axes (Q=10) 120 pulses 
10 i-lz @ 11.5 g peak 
150 Hz @ 97.0 g peak 
250 Hz @ 65.n g peak 
1400 Hz @ 250 g peak 
2000 H; @ 250 g peak 
Parallel to the pump centerline (engine X axis) 
Steady-state random vibration amplitudes-R4: 
Random composite reference level = 17.62 g r m s  
Superimposed steady-state sinusoids-R4 : 
Sinusoidal dwells of 3.6 g r m s  at  500 H z .  2.6 g r m s  at 600 Hz, 3.0 g rms at 1000 Hz 
and 2.5 g r m s  at 2000 Hz for 6.5 hr.  
Sinusoidal sweeps of 3.6 g rrns from 350 Hz to 1040 H z  to 350 Hz at 340 Hzlmin and 
2.5 g rms from 1400 H z  to 2000 Hz to 1400 Hz at 600 Hzlmin for 1.0 hr.  
Total composite level = 18.59 g r m s  
Radial to the pump centerline (engine Y and Z axes) 
SteadjP-state random vibration amplitudewR4: 
Random rnbrngoslt reference level = 17.10 g r m s  
(Zone D) 
Sinusoidai c!wells of 3.5 g r m s  at 500 Hz, 4.6 g r m s  at 600 Hz, 3.0 g r m s  at 1000 Hz 
and 3.4 g 211s nt 2000 Hz for 6.5 hr. 
Sinusoidal sweeps of 4.6 g r m s  from 350 Hz to 1340 Hz to 350 Hz at 340 Hzlmin and 
3.4 g r m s  from 1400 Hz to 2300 Hz to 1400 Hz at 600 Hzlmin for 1.0 hr. 
Total cornposit e level - 18.61 g rms 
(Zone E) 
4.5.5 SSME Vibration Cr i t e r i a  Zone E 
T h i s  zone includes  t h e  fuel  p r e b u r n e r  (FPB) a n d  t h e  fuel  p r e b u r n e r  ign i t e r .  Vibra- 
t ion amplitudes a r e  as follows: 
Trans ien t  shock spectrum-R4: (eng ine  axes )  
X.Y a n d  i axes - s t a r t  a n d  shutdown - (Q=10) 120 ~ u l s e s  
20 Hz @ 25.0 g p e a k  
250 Hz @ 150 g peak 
500 Hz @ 130 g peak  
950 Hz @ 300 g peak  
2000 Hz @ 450 g peak  
Parallel t o  t h e  Di lmD center l ine  (enp ine  X a x i s )  
Steady-s ta te  random v i b r a t i o ~ i  amplitudes-R4: 
20 - 120 Hz @ 0.012 (g  r m s ) 2 / ~ z  
120 - 130 Hz @ +10.82 dB1oct 
130 - 180 Hz @ 0.016 ( g  r m s ) z / ~ z  
180 - 230 Hz @ +23.68 dB1oct 
230 - 240 Hz @ 0.11 ( g  r r n ~ ) ~ / ~ z  
240 - 260 Hz @ -10.59 dB1oct 
260 - 330 Hz @ 0.083 ( g  r r n s ) P / ~ z  
330 - 360 Hz @ +15.22 dB1oct 
360 - 710 Hz @ 0.13 ( g  r m ~ ) ~ / H z  
710 - 730 Hz @ -28.43 dB /act 
730 - 820 Hz @ 0.1 (g r m ~ ) ~ / ~ z  
820 - 900 Hz @ +29.63 dB Ioct 
900 - 1040 Hz 8 0.25 (g r m ~ ) ~ / ~ z  
1040 - 1340 H z  @ +6.44 d S / o c t  
1340 - 1450 Hz @ 0.43 ( g  rms)2/Hz 
1450 - 1600 Hz @ -16.58 dB Ioct 
1600 - 1680 Hz @ 0.25 ( g  r m s ) 2 l ~ z  
1680 - 175ir t iz  G -50.78 dB10ct 
1710 - 1830 Hz 9 0.57 (g r m s ) Z / ~ z  
1830 - 2000 H z  @ -21.75 dB1oct 
2000 Hz @ 0.3  (g r m ~ ) ~ / ~ z  
Random composite re fe rence  level  = 21.98 g rms  
Superimposed s teady-s ta te  sinusoids-R4: 
Sinusoidal dwells of 2.5 g rms a t  500 Hz a n d  8.5 g rms  a t  600 Hz fo r  6 .5  h r .  
Sinusoidal sweep of 8.5 g rms from 350 Hz t o  620 Hz t o  350 Hz a t  270 Hzlmin f o r  
1 h r .  
Total composite level = 23.70 g rms 
(Zone E) 
Radial to the pump centerline (engine Y and Z axes) 
Steady-state random vibratldn amplitudes-R4 : 
20 - 210 Hz @ 0.012 (g r r n ~ ) ~ l H z  
210 - 220 Hz @ +52.48 dB Ioct 
220 - 270 Hz @ 0.027 ( g r m ~ ) ~ l ~ z  
270 - 280 Hz @ +14.06 dB loct 
280 - 310 Hz @ 0.032 (g r r n ~ ) ~ / ~ z  
310 - 320 Hz @ ~ 2 2 . 2 6  dB/oct 
320 - 330 Hz @ 0.04 (g r m s 1 2 / ~ z  
330 - 340 H Z  @ -22.5C dB Ioct 
340 - 380 Hz @ 0.032 (g r r n ~ ) ~ l H z  
380 - 400 Hz @ +23.80 dB loct 
400 - 420 Hz @ 0.048 (g r r n ~ ) ~ / ~ z  
420 - 490 Hz @ +2.66 dB loct 
490 - 590 Hz @ 0.055 (g r r n ~ ) ~ l H z  
590 - 660 Hz @ +26.94 dB /oc-.t 
660 - 860 Hz @ 0.15 (g r r n ~ ) ~ l ~ z  
860 - 900 Hz @ +33.82 dB/oct 
900 - 1170 Hz @ 0.25 (g r m s ) 2 / ~ z  
1170 - 1200 Hz @ t49.78 dB/oct 
1200 - 1230 H z  @ 0.38 ( g r r n ~ ) ~ / ~ z  
1230 - 1260 H z  @ -52.31 dB/oct 
1260 - 1310 H z  @ 0.25 (g r r n ~ ) ~ l ~ z  
1310 - 1530 Hz @ +17.92 dB /oct 
1530 - 1640 Hz @ 0.63 (g r m ~ ) ~ / H z  
1640 - 2000 Hz @ -8.07 dB loct 
2000 Hz @ 0.37 ( g  r m s ) Z / ~ z  
Random composite reference level = 22.54 g rms 
Superimposed steady-state sinusoids-H 4 : 
Sinusoidal dwells of 2.5 g rms at 500 Hz and 8.5 g rms at 600 Hz for 6.5 hr.  
Sinusoidal sweep of 8.5 g rms from 350 Hz to 620 Hz to 350 Hz at 270 Hzlmin for 
1.0 hr .  
Total composite level = 24.22 g rms 
4 (Zone F)  
4.5.6 SSME Vibration Cri ter ia  Zone F 
T h i s  zone includes  t h e  low-pressure oxidizer  turbopump (LPOTP) . Vibration ampli- 
t u d e s  are as follows: 
T r a n s i j n t  shock  spectrum-R4: (engine axes )  
X .  Y a n d  Z a x e s  (Q=10) 120 pu l ses  
10 Hz @ 2.0 g peak  
60 Hz @ 40.0 g p e a k  
100 Hz @ 120 g p e a k  
125 Hz @ 30.0 g p e a k  
23U Hz @ 50.0 g p e a k  
'000 Hz @ 90.0 g p e a k  
1440 Hz @ 100 g p e a k  
2000 Hz @ 170 g peak  
Parallel t o  t h e  DumD center l ine  (engine X axis) 
Steady-s ta te  random vibration amplitudes-R4: 
z @ 0.02 (g  r m ~ ) ~ / ~ z  
z @ +31.39 d B  /oct 
z @ 0.06 (g r m s ) 2 / ~ z  
z @ +42.87 dB/oc t  
z @ 0.32 (g r m s ) 2 / ~ z  
z @ -23.98 d B / o c t  
z @ 0.16 ( g  r m ~ ) ~ / ~ z  
z @ t75.18 dB /oct 
z @ 0.33 (g rms)  2 / ~ z  
z @ -79.54 dB/oc t  
z @ 0.16 ( g  r r n s ) Z / ~ z  
z @ +171.97 dB/oct  
z 8 0.48 ( g  r m s ) Z / ~ z  
z @ -152.04 d B  /oct 
z @ 0.19 (g r m s ) 2 / ~ z  
z @ +16.15 dB /oct 
z @ 1.7  ( g  r m s ) 2 / ~ z  
Ran : :m coinposite r e f e r e a c e  level  = 33.30 g r m s  
Superimpo ..2d s teady-s ta te  sinusoids-R4: 
Sinusoida! dwell of 10 g rms  at 2000 Hz f o r  6.5 h r .  
Sinusoidal sweep ot  10 g rms from 1400 Hz t o  2000 Hz t o  1400 Hz a t  600 Hz/min f o r  
1.0 h r ,  
Total composite level -= 34.77 g rms 
.I 
(Zone F) 
Radial to  t h e  pump centerline (engine Y and  2 axes)  
Steady-state random vibration amplitudes-R4: 
20 - 210 Hz @ 0.013 ( g  r m s ) l / ~ z  
210 - 220 Hz @ +17.36 dB1oct 
220 - 250 Hz @ 0.017 (g r r n s ) Z / ~ z  
250 - 260 Hz @ +35.51 dB/oct  
260 - 330 Hz @ 0.027 ( g  r r n ~ ) ~ l ~ z  
330 - 360 Hz @ +70.97 dB/oct 
360 - 460 Hz @ 0.21 ( g  r m ~ ) ~ / ~ z  
460 - 510 Hz @ -64.52 dB Ioct 
510 - 560 Hz @ 0.023 ( g  r m s ) 2 / ~ z  
560 - 600 Hz @ +41.84 dBIoct 
600 - 680 Hz @ 0.06 ( g  r m s ) 2 1 ~ z  
680 - 690 Hz @ +142.93 dB/oct  
690 - 710 Hz @ 0.12 (g r m s ) Z / ~ z  
710 - 720 Hz @ -149.19 dB Ioct 
720 - 1230 Hz @ 0.06 ( g  r m s ) Z / ~ z  
1230 - 1270 Hz @ +86.19 dB1oct 
1270 - 1340 Hz @ 0.15 ( g  r m s ) 2 1 ~ z  
1340 - 1370 Hz @ -124.58 dB Ioct 
1370 - 1500 Hz @ 0.06 ( g  r m ~ ) ~ / ~ z  
1500 - 1650 Hz @ +63.64 dB1oct 
1650 - 2000 Hz @ 0.45 (g r m s ) 2 / ~ z  
. . 
Random composite reference level - 16.96 g rms 
Superimposed steady-state sinusoids-R4 : 
Sinusoidal dwell of 2.5 g rms a t  2000 H z  for  6.5 h r .  
Sinusoidal sweep of 2.5 g r m s  from 1400 Hz to 2000 Hz to 1400 Hz a t  600 Hztmin for  
l . 0  h r .  
Total composite level = 17.14 g r m s  
(Zone F-1) 
4.5.6.1 SSME Vibration Cr i t e r i a  Zone F- 1 
T h i s  zone includes  t h e  low p r e s s u r e  oxidizer tu rbopump (LPOTP) low n e t  posit ive 
suction p r e s s u r e  (NPSP) a n d  24 NPSP. Vibration amplitudes a r e  a s  follows: 
Parallel t o  pump center l ine  (engine X axis) 
Steady-s ta te  random vibration amplitudes-R4: 
20 - 180 Hz @ 0.02 (g r m s ) 2 / ~ z  
180 - 200 Hz @ +31.39 d B  /oct 
200 - 320 Hz @ 0.06 (g r r n s ) Z / ~ z  
320 - 360 Hz @ +42.78 d B  loct  
360 - 440 Hz @ 0.32 (g  r r n ~ ) ~ / ~ z  
440 - 480 Hz @ -23.98 dB/oc t  
480 - 520 Hz @ 0.16 (g r m ~ ) ~ / H z  
520 - 600 Hz @ +63.67 dB/oc t  
600 - 640 Hz @ 3.3 (g r m s ) 2 / ~ z  
640 - 700 Hz @ -86.68 dBloc t  
700 - 880 Hz @ 0.25 ;g rns )B/Hz  
880 - 990 Hz @ -23.62 d B  Ioct 
990 - 1040 Hz @ 0.63 (g r m s ) 2 / ~ z  
1040 - 1090 Hz @ -45.46 dB/oc t  
1090 - i i 7 0  Hz @ 0.31 (g  r r n s ) 2 / ~ z  
l i 7 0  - 1706 Hz @ t22.40 dB/oc t  
1700 - 2000 Hz @ 5.0 (g  rms)z /Hz  
Total composite level  = 54.58 g rms 
Radial t o  pump centerline (engine Y hnd Z axes)  
Steady-state random vibration amplitudes-R4: 
z @ 0.007 (g rms)2/Hz 
z @ +22.2 dB Ioct 
'z @ 0.04 (g rms)2/Hz 
z @ -55.37 dB1oct 
z @ 0.017 ( g  r m ~ ) ~ / H z  
z @ +64.25 dB Ioct 
z @ 0.21 ( g  r m ~ ) ~ / ~ z  
z @ -64.52 dB Ioct 
z @ 0.023 ( g  rms)2/Hz 
z @ +68.28 dB1oct 
'z  @ 0.11 ( g  r m ~ ) ~ / H z  
z @ -58.38 dB Ioct 
z @ 0.06 ( g  r r n ~ ) ~ l H z  
z @ +90.54 dB Ioct 
z @ 0.14 (g rms)2/Hz 
z @ -64.18 dB/oct 
lz @ 0.06 (g r r n ~ ) ~ / H z  
z @ +133.77 dB Ioct 
z @ 0.15 ( g  rrns)2/Hz 
z @ -41.56 dB1oct 
z @ 0.06 (g r m ~ ) ~ / H z  
z @ +36.13 dB Ioct 
z @ 0.1 ( g  rms)2/Hz 
z @ +26.41 dBIoct 
z @ 0.45 (g r m ~ ) ~ l ~ z  
Random composite reference level = 17.99 g rms 
Superimposed steady-state sinusoids-R4: 
Sinusoidal dwell of 0.5 g rms a t  270 Hz for  7.5 h r .  
t Total composite level = 18.0 g rms 
(Zone F- 1) t 
,! 
(Zone F-2)  
7 
4 . 5 . 6 . 2  SSME Vibration Criteria Zone F-2  
This zone includes the low pressure oxidizer turbopunis (LPC "PI discharge duct 
flex joint. Vibration amplitudes are as  follows: 
Transient shock spectrum-R4: (component axes] 
X axis (Q=10) 120 pulses 
15 H z  @ 5 0 . 0  g peak 
25 H z  @ 100 g peak 
150 H z  @ 100 g peak 
300 Hz @ 500 g peak 
600 H z  @ 220 g peak 
2000 H z  @ 800 g peak 
Y axis (Q=10) 120 ~ u l s e s  
15 H z  @ 4 0 . 0  g peak 
25 Hz @ 100 g peak 
110 Hz @ 6 5 . 0  g peak 
:50 Hz @ 110 g peak 
350 Hz @ 110 g peak 
2000 IJ7 @ 700 g peak 
Z axis (Q=10) 120 pulses 
15 H z  @ 1 8 . 0  g peak 
25 H z  @ 80 .0  g peak 
220 Hz @ 90 .0  g peak 
320 H z  @ 130 g peak 
1500 H z  @ 400 g peak 





(Zone F-2) ir 
Perpendicular to flow direction (component X axis) 
Steady-state random vibration amplitudes-R4: (criteria based on DVS 
testing representing accumulated engine RPL -operation time) 
Random composite reference level = 35.01 g r m s  
Superimposed steady-state sinusoids-R4 : ! 
Sinusoidal dwells of 3.5 g rrns at 470 Hz, 3.5 g rms at  575 Hz and 15.5 g rms at $ - - {  
1900 Hz for 6.5 hr .  
,.i 
Sinusoidal sweeps of 3.5 g rms from 350 H z  to 600 Hz to 350 H z  at  250 Hzjmin and 4 ' +  i 
15.5 g rms from 1400 H z  to 2000 H z  to 1400 Hz/min for 1.0 h r .  
' I  . 
Total composite level = 42.34 g rrns 
(Zone F-2) 
Perpendicular  t o  flow direction (component X sx i s )  
Steady-s ta te  random vibration amplitudes-d4: (criteria based  o n  DVS 
t e s t i n g  represen t ing  accumulated eng ine  FPL -operat ion time) 
20 - 170 Hz @ 0.019 (g rms)2/Hz 
170 - 200 Hz @ t26.40 dB1oct 
200 - 318 Hz 0 0.079 (g r m ~ ) ~ l H z  
318 - 356 Liz @ t32.77 d B / m t  
356 Hz @ 0.270 ( g  r m s ) 2 r ~ z  
356 - 383 Hz @ -52.20 dB1oct 
383 - 670 Hz at 0.076 (g r m s ) 2 / ~ z  
610 - 710 Hz 8 +112.21 dB/oc t  
710 . 1515 ?Iz @ 0.66 (g r m s ) a / ~ z  
1515 - 1620 Hz @ t78.04 dB1oct 
1620 Hz @ 3.75 ( g  rms)  2 / ~ z  
1630 - 1645 HL @ -137.83 d B  /HZ 
'645 Hz @ 1.860 (g r r n ~ ) ~ / ~ z  
1645 - 1170 Hz B +l. 09 dB Ioct 
1770 Hz @ 1.910 (3 r r n ~ ) ~ / ~ z  
1770 - 179fl Hz @ -1-162.26 dB1oct 
1790 - 2000 H z  @ 3.5 (g r m s ) 2 / ~ z  
Random composite level - 43.20 g rms  ; !  
Superimposed s teady-s ta te  sinusoids-R4: * - -  3 * 4 
' f t- : 
: ! Sinusoidal dwells of 4 .9  g rms  at SO0 Hz,  4.0 g rms  a t  600 Hz, 6.3 g rms  a t  1500 Hz 1 . , - /  
rind 22.0 g rrns at 2000 H z  for 3.9 n r .  I 
. ' 
F' 
F Total composite level = 48.94 g rms  
1 
(Zone F-2) ( 
Pard l e l  t o  flaw direction ( com~onen t  Y axis)  
Steady-state randon vibration amplitudes-R4: 
20 - 180 Hz @ 0.028 (g r m s ) a / ~ z  
180 - 200 Hz @ +28.15 dB Ioct 
200 - 250 Hz @ 0.075 (g rrns)2/Hz 
250 - 262 Hz @ +48.65 dBIoct 
262 - 285 Hz @ 0.160 (g r m s ) 2 / ~ z  
285 - 304 HZ @ -64.66 d B  10~t  
304 - 340 Hz @ 0.040 (g r m ~ ) ~ / H z  
340 - 353 Hz @ +184.73 dBIoct 
353 - 378 Hz @ 0.400 (g r m ~ ) ~ / H z  
378 - 425 Hz @ -35.61 dB/oct 
425 - 578 Hz @ 0.100 (g r m ~ ) ~ / ~ z  
578 - 588 Hz @ +336.41 dB1oct 
588 - 617 Hz @ 0.680 (g r m ~ ) ~ / H z  
617 - 660 HZ @ -33.68 d B / ~ t  
660 - 682 Hz @ 0.32Q (g r m ~ ) ~ / H z  
682 - 705 Hz @ +87.59 dBIoct 
705 - 730 Hz @ 0.840 (g r r n ~ ) ~ l H z  
730 - 755 HZ @ -132.88 d B 1 0 ~ t  
755 - 810 Hz @ 0.190 (g rms12/Hz 
810 - 930 Hz @ +26.80 dB Ioct 
930 - 1140 Hz @ 0.650 (g rms)L/Hz 
1140 - 1260 Hz @ -29.97 dBIoct 
1260 - 1300 FA @ 0.240 (g rms)2IHz 
1300 - 1380 Hz @ +56.76 dBIoct 
1380 - 1560 Hz @ 0.740 (g r r n s ) 2 / ~ z  
1560 - 1610 H7 @ +58.07 d 3 l o c t  
1610 - 1815 Hz @ 1.360 (g r m ~ ) ~ / ~ z  
1815 - 1845 Hz @ -86.30 dB/oct 
1843 - 2000 Hz @ 0.85 (g r r n ~ ) ~ / ~ z  
Random composite reference level = 30.52 g rms 
Superimposed steady-state sinusoida-R 4 : 
Sinusoidal dwells of 6.3 g r m s  a t  500 Hz, 6.3 g rms a t  1000 Hz, 5.7 g rrns a t  1500 Hz 
and  27.5 g rms a t  2000 Hz for  6.5 hr .  
Sinusoidal sweeps of 6.3 g rrns from 350 Hz to  600 Hz to  350 Hz a t  250 Hz Imin and 
27.5 g rrns from 1400 Hz to  2000 Hz to  1400 Hz a t  600 Hzlmin f a r  1.0 h r .  
Total composite level = 43.53 g rn~s 
(Zone F-2) 
Parallel to engine t h r u s t  line (component Z axis) -
Steady-state random vibration amplitudes-R4: (criteria based on DVS 
testing represent ing accumulated engine - RPL operation t ime)  
20 - 230 Hz @ 0.030 ( g  rms)2/Hz 
230 - 330 Hz @ +7.07 dB loct 
330 - 760 Hz B 0.07C ( g  r m s ) 2 / ~ z  
760 - 835 Hz @ +17.24 dB/oct 
835 - 1150 Hz @ 0.120 ( g  r m ~ ) ~ l ~ z  
1150 - 1175 Hz @ +113.51 dB/oct 
1175 Hz @ 0.27 ( g  rms)21Hz 
1175 - 1225 HZ @ -64.68 dB /act 
1225 - 1260 Hz @ 0.110 (g r m s ) 2 / ~ z  
1260 - -  1325 Hz @ +lo?. 23 dB loct 
1325 - 1370 Hz @ 0.660 ( g  r m s 1 2 / ~ z  
1370 - 1390 Hz @ -354.09 dB1oct 
1390 - 1420 Hz @ 0.120 ( g  r m ~ ) ~ / ~ z  
1-420 - 1435 Hz @ +232.31 dB1oct 
1435 - 1550 Hz @ 0.270 ;g r m ~ ) ~ / H z  
1550 - 1600 Hz @ +115.20 dBloct 
1600 - 1850 H z  @ 0.910 ( g  r r n ~ ) ~ l H z  
1850 - 1880 HZ @ -97.66 dBIoct 
1880 - 2000 Hz @ 0.540 ( g  r m ~ ) ~ l H z  
Random composite reference level = 23.17 g r m s  
Superimposed steady-state sinusoids-R4 : 
Sinusoidal dwells of 4.9 g r m s  a t  470 Hz, 4.5 g r m s  a t  575 Hz and  20.0 g rms a t  
1800 Hz for  2.6 h r .  
Sinusoidal sweeps of 4.9 g r m s  from 350 Hz t o  600 Hz t o  350 Hz a t  250 Hzlmin and 
20.0 g rms from 1400 Hz t o  2000 Hz to  1400 Hz a t  600 Hz/mh for  1.0 h r .  
Total composite level = 32.26 g rrns. 
(Zone F-2) 
Parallel to engine thrust Line ( ~ p o i ~ ~ n t  Z axis)
Steady-state random vibration amplitudes-34: (criteria based on DVS 
testing representing accumulated engine FPL -operation time) 
20 - 86 Hz @ 0.014 Hz (g r r n ~ ) ~ / ~ z  
86 - 110 HZ O .+3.73 dB/oct 
110 - 136 Hz a 0.019 (g rms)2 /~z  
1 3  - 146 HZ @ -23.19 dB 10~ t  
146 - 180 Hz @ 0.011 ( 0  ~ S ) ~ I H Z  
180 - 193 Eiz @ +40.33 dB 10ct 
133 - 216 Hz @ 0.028 (g r m s ) ' / ~ z  
216 - 334 Hz @ +3.58 dB Ioct 
334 - 400 Hz @ 0.047 (g r m ~ ) ~ / ~ z  
400 - 505 Hz @ -8.15 dBIoct 
505 - 548 Hz @ 0.025 (g r m s ) z / H z  
548 - 579 Hz @ +61.54 dB/oct 
579 - 681 Hz @ 0.077 (g rrns)2/Hz 
681 - 745 Hz Q +l4.87 dBloct 
745 - 995 Hz 4 C.120 (g r m s i 2 / ~ z  
895 - 930 Hz @ +57.60 dB Ioct 
930 - 1180 Hz @ 0.25 (g r r n ~ ) ~ / ~ z  
1180 - 1555 Hz @ +16.@fi dB Ioct 
1555 - 2000 H z  @ 1.09 (g rms)2/Hz 
Random composite reference level = 28.iU g r m s  
Superimposed steady-state sinusoids-R 4 : 
Sinusoidel dwelis of 3.0 g rms at 500 Hz, 2.2 g r m s  at 600 H z ,  1.8 g rms at 720 H z  
and 27.0 g rms at 200Q Hz for 3.9 hr. 
Total composite level = 36.23 g rms 
(Zone G) 
4.5.7 SSME Vibration Criteria Zone G 
This zone includes the  high-pressure oxidizer turbopump (HPOTP) and the  high- 
pressure  oxidi&r turbopump boost pwnp. Vibration amplitudes are as follows: 
Trandent  shock spectrum-R4 : (engine axes) 
X , Y' and Z axes (Q=10) 120 pulses 
10 Hz @ 2.0 g peak 
30 Hz @ 28.0 g peak 
60 Hz @ 53.0 g peak 
220 Hz @ 104 g peak 
320 Hz @ 200 g peak 
950 Hz @ 157 g peak 
2000 Hz @ 333 g peak 
Parallel to  the pump centerline (engine X axis) 
Steady state random vibration amplitudes-R4: 
20 - 150 Hz C 0.02 (g rms)21~z  
150 - 230 Hz @ +8.08 dB1oct 
230 - 340 Hz @ 0.063 (g r m ~ ) ~ / ~ z  
340 - 380 Hz @ +19.61 dB/oct 
380 - 400 Hz @ 0.13 (g r r n s ) z / ~ z  
400 - 430 Hz 6 -10.92 dB/oct 
430 - 590 Hz r.l 0.1 (g  m s ) Z / ~ z  
590 - 650 Hz 3 -6.94 dB/oct 
650 - 790 Hz @ 0.08 (g r m s ) Z / ~ z  
790 - 900 Hz @ +18.73 dB1oct 
900 - 1100 Hz @ 0.18 (g r m s ) 2 1 ~ z  
1100 - 1250 Hz @ +15.66 dBIoct 
1250 - 1580 H:; @ 0.35 (g r m s ) 2 / ~ z  
1580 - 1690 Hz @ +51.22 dB10ct 
1690 - 2000 t.z @ 1.1 (g r m s ) 2 1 ~ z  
- ,  
L 
. % Random composite reference level = 25.93 g r m s  
(Zone G )  
a i f . 
. %  
. . Superimposed steady-state sinusoids-R4 : 
i 1 
r" 
f Sinusoidal dwells of 4.9 g rrns at  500 Hz, 2.0 g rrns a t  600 Hz, 2.8 g rrns at  1000 Hz and 8.7 g r m s  at  2000 H z  for 6.5 hr .  I . l  
! Sinusoidal sweeps of 4.9 g rrns from 350 Hz to 620 Hz to 350 Hz a t  270 Hzlmin, 
2.8 g rn~s from 700 Hz to 1040 Hz to 700 Hz at  340 Hzlminute and 8.7 g rrns from 
. 
- 
1400 Hz to 2000 Hz to 1400 H z  at 600 Hzlminute for 1.8 hr .  
Total composite level = 28.0 g rrns 
, 
Radial to the - pump centerline (engine Y - and Z axes) 
Steady -s?.lte random vibration amplitudes-R4: 
150 Hz @ 0.02 ( g  r m s ) e / ~ z  
220 H z  @ +7.20 dB Ioct 
250 Hz @ 0.05 ( g  r m ~ ) ~ / ~ z  
280 Hz @ -5.93 dB1oct 
750 Hz @ 0.04 ( g  r m s ) 2 / ~ z  
900 Hz @ +21.82 dB Ioct 
1260 Hz @ 0.15 ( g  r r n s ) Z / ~ z  
1440 Hz @ +15.63 dB1oct 
2000 Hz Q 0.3 (g r m s ) 2 / ~ z  
Random composite reference level = 17-34 g rrns 
Si~perimposed steady-stnte sinusoids-R4 : 
Sinusoidal dwells of 7.3 g zn.s at  500 Hz, 2.7 g r m s  a t  600 H z ,  4 .4  g rrns at 1000 Hz 
and 9.0 g rrns at  2000 Hz for 6.5 h r .  
Sir,usoidal sweeps of 7.3 g r m s  from 350 Hz to 620 Hz to 350 Hz at  270 Hz Imin, 4.4 
g rrns from 700 H z  to 1040 H z  to 700 H z  at  340 Hzlmii-. and 9.U g rrns from 1400 Hz 
to 2000 Hz to 1400 H z  at  600 Hzlmin for 1.0 hr .  
Total composite level = 2 1.48 g rrns . 
- 
I (Zone G-1; 
! 4.5.7.1 SSME Vibration Criteria Zone G-1 
This  zone includes t h e  heat exchanger .  Vibration amplitudes are a s  follows: 
Transient  shock spectrum-R 4 : (component axes) 
X and  Y axes  (Q=10) 120 pulses  
10 Hz @ 10.0 g peak  
150 Hz @ 25.0 g peak 
350 Hz @ 25.0 g peak 
900 iIz @ 90.0 g peak  
2000 Hz @ 410 g peak 
Z axis  (Q=10) 120 pulses  
10 Hz @ 10.0 g peak 
20 Hz @ 25.0 g peak 
200 Hz @ 25.0 g peak 
350 Hz @ 55.0 g peak  
650 Hz @ 55.0 g peak 
2000 Hz @ 170 g peak 
Radial to the  pump centerline (component X and  Y axes)  
Steady-state random vibration amplitudes-R4 : 
20 - 410 Hz @ 0.03 (g r m s ) 2 / ~ z  
410 - 420 Hz @ +26.29 dB Ioct 
420 - 790 Hz @ 0.037 (g r m s ) 2 I ~ z  
790 - 930 Hz @ +43.46 dB Ioct 
930 - 1180 Hz @ 0.39 (g r m s ) z / ~ z  
1180 - 1450 Hz @ -31.23 dBIoct 
1450 - 1740 Hz @ 0.046 (g r m s ) 2 / ~ z  
1740 - 1870 Hz @ +17.54 dB/oct 
1873 - 2000 Hz @ 0.07 (g r m s ) a / ~ z  
Random composite reference level = 14.72 g rms 
a 
r Superimposed steady-state sinusoids-R 4 : 
t 
./ f Sinuioidal dwells of 3.7 g rms at  500 Hz, 3.5 g r m s  a t  SO0 Hz, 3.4 g rrns at 1000 Hz \ at 1 0 . 6 g r m s a t  2 0 0 0 H z f o r 6 . 5 h r .  
Sinusoidal sweeps of 3.7 g rms from 350 Hz to  1040 Hz to  350 Hz a t  340 Hz/min a n d  
10.6 g rms from 1400 Hz to  2000 Hz to  1400 H z  a t  600 Hzlmin for 1.0 h r .  
* 
Total composite level = 19.15 g rms 
g p w 9 q - m . e .  a ,*-.-- -.- 
- .-- 
. -il.. _ i:. b 
Parallel t o  t h e  pump cen te r l ine  (cc?mponent Z ax i s )  
9 
-'? ' 
(Zone G-1) f " :  . ?  
Steady-s ta te  random vibrat ion amplitudes-R 4 : 
20 - 260 Hz @ 0.01 (g r m ~ ) ~ / ~ z  
260 - 270 Hz @ +32.34 d B  Ioct 
270 - 600 Hz 8 0.015 (g  r m s ) 2 / ~ z  
600 - 800 Hz @ +20.85 d B  Ioct 
800 - 1070 Hz @ 0.11 ( g  r m ~ ) ~ i ~ x  
1070 - 1180 Hz @ +27.62 d B  Ioct 
1180 - 1280 Hz @ 0.27 (g r m ~ ) ~ / ~ z  
1280 - 1310 Hz @ +80.07 dB Ioct 
1310 - 1380 Hz @ 0.5 ( g  r m s ) 2 / ~ z  
1380 - 1410 Hz @ -86.25 d B  /oct 
1410 - 2000 Hz @ 0.27 ( g  ~ - m s ) ~ / ~ z  
Random composite reference level  = 17.62 g rms 
Superimposed s teady-s ta te  sinusoids-R4 : 
Sinusoidal dwells of 3.6 g rms a t  503 Hz,  2.6 g r m s  at 600 Hz, 3.3 g rms  a t  1000 Hz 
and 2.5 g rms  at 2000 Hz f ~ r  6.5 h r .  
Sinusoidal sweeps  of 3.6 g rms  from 350 Hz t o  1040 Hz t o  350 H z  at 340 Hzlmin a n d  
3.3 g r m s  from 1400 Hz t o  2000 Hz t o  1400 H z  a t  600 Hz/min f o r  1.0 h r .  
Total composite level = 18.64 g rnls 
(Zone (3-2) 
4.5.7.2 SSME Vibration Criteria Zone G-2 
This zone includes the oxidizer tank pressurmt duct flex joint. Vibration amplitudes 
are as follows: 
Transient shock spectrum-R4: (component axes) 
x axis (Q=10) 120 pulses 
10 Hz @ 1.0 g peak 
25 Hz @ 13.5 g peak 
60 Hz @ 21.0 g peak 
125 Hz @ 15.5 g peak 
250 Hz @ 69.0 g peak 
460 Hz @ 110 g peak 
1260 Hz @ 94.0 g peak 
2000 Hz @ 52.0 g peak 
Y axis (Q=10) 120 pulses 
10 Hz @ 1.6 g peak 
25 Hz @ 21.0 g peak 
80 Hz @ 11.0 g peak 
160 Hz @ 32.0 g peak 
250 Hz @ 41.0 g peak 
500 H z  @ 32.0 g peak 
800 H z  @ 63.0 g peak 
2000 Hz @ 48.0 g peak 
Z axis (Q=10) 120 pulses 
10 Hz @ 3.0 g peak 
25 Hz @ 9.6 g peak 
60 Hz @ 8.4 g peak 
120 Hz @ 27.0 g peak 
310 Hz @ 59.0 g peak 
770 Hz @ 63.0 g peak 
1260 Hz @ 68.0 g peak 
2000 Hz @ 51.0 g peak 
Perpendicular t o  flow direction (component X axis) 
Steady-state random vibration amplitudes-R 4 : 
z @ 0.024 ( g  r m ~ ) ~ l H z  
z @ +6.93 dB1oct 
z @ 0.08 (g rms)21Hz 
z @ +28.71 dB1oct 
z @ 2.4 (g rms)2IHz 
z @ -50.74 dB1oct 
z @ 0.07 (g  r m ~ ) ~ l H z  
z @ +70.50 dB Ioct 
z @ 0.13 (g r m ~ ) ~ / H z  
i; @ -57.30 dB 10ct 
z @ 0.07 (g r m ~ ) ~ / H z  
Iz @ +99.03 dB1oct 
z @ 0.15 (g  r m ~ ) ~ / H z  
.z @ -76.85 dB/oct  
lz @ 0.07 (g r m ~ ) ~ / H z  
[ Z  @ -5.10 dB /oct 
lz @ 0.043 (g r m ~ ) ~ / ~ z  
- E 
d 
Random composite reference level = 27.58 g rms 
. Superimposed steady-state sixiusoids-R4 : 
Sinusoidal dwell of 6.0 g r m s  a t  270 Hz for  6.5 h r .  
(Zone G-2) 
Sinusoidal sweep of 6.0 g r m s  from 200 Hz to  270 Hz to  200 Hz a t  70 Iizlmin for  
i 1.0 h r .  
Total composite level = 28.22 g rms. 
(Zone (3-2) 
Parallel t o  engine centerline (component Y axis)  
Steady-state random vibration amplitudes-R4: 
20 - 60 Hz 0 0.018 (g r m ~ ) ~ l ~ z  
60 - 160 Hz 0 -1.80 dB1oct 
160 - 340 Hz 0 0.01 (g r m ~ ) ~ / H z  
340 - 400 Hz @ +42.65 dB1oct 
400 - 700 Hz 0 0.1 ( g  r m ~ ) ~ / ~ z  
700 - 1100 Hz 0 -6.80 dB Ioct 
1100 - 1480 Hz 0 0.036 ( g  r r n ~ ) ~ / ~ z  
1480 - 1550 Hz 0 +72.76 dB1oct 
1550 - 1590 Hz 0 0.11 (g r m ~ ) ~ / ~ z  
1590 - 1670 Hz @ -68.49 dB1oct 
1670 - 1810 Hz 0 0.036 ( g  r m ~ ) ~ / H z  
1810 - 1880 Hz @ +46.88 dB1oct 
1880 - 1890 Hz 0 0.065 (g r m s ) z / ~ z  
1890 - 1930 Hz @ -84.93 dB Ioct 
1930 - 2000 Hz @ 0.036 (g r m s )  2 / ~ z  
Random composite reference level = 10.10 g rrns 
Superimposed steady-state sinusoids-R4 : 
Sinusoidal dwells of 0.8 g rrns a t  270 Hz and  1.5 g rrns a t  2000 Hz for  6.5 h r .  
Sinusoidal sweeps of 0.8 g rrns from 200 Hz to 270 Hz to 200 Hz a t  70 Hzlmin and  
1.5 g rrns from 1400 Hz t o  2000 Hz t o  1400 Hz a t  600 Hzlmin for  1.0 hr.  
Total composite level = 10.24 g rrns 
' !  (Zone G-2) ! .  
Parallel t o  flow direction (component Z ax i s )  
Steady-s ta te  random vibrat ion amplitudes-R4: 
20 - 80 Hz @ 0.024 (g r m ~ ) ~ / ~ z  
80 - 135 Hz @ +6.93 dB1oct 
135 - 280 Hz @ 0.08 (g r m ~ ) ~ / ~ z  
280 - 400 Hz @ +28.7 dB/oc t  
400 - 600 Hz @ 2.4 (g r m s ) 2 1 ~ z  
600 - 740 Hz @ - 50.74 dB Ioct 
740 - 1440 Hz @ 0.07 ( g  r m ~ ) ~ / ~ z  
1440 - 1500 Hz @ +39.75 dB /oc I 1500 - 1560 Hz @ 0.12 ( g  rms) /Hz 
1560 - 1760 Hz @ -17.30 dB/oc t  
1760 - 2000 Hz @ 0.06 ( g  r m ~ ) ~ / ~ z  
Random composite re fe rence  level  = 27.67 g rms 
Superimposed s teady-s ta te  sinusoids-R4 : 
Sinusoidal sweep of 1.9 g rms  a t  2000 Hz f o r  6.5 h r .  
Sinusoidal dwell of 1 .9  g rms  from 1400 Hz t o  2000 Hz t o  1400 Hz at 600 Hz/min fo r  
1.0 h r  
Total compsite level  = 27.74 g rrns 
4.5.8 SSME Vibration Criteria Zone H 
'This zone includes the low-pressure fuel turbopump (LPFTP) . Vibration amplitudes 
&re as follows: 
Transient shock spectrum-R4 : (engine axes) 
X ,  Y and Z axes (Q=10) 120 pulses 
1 0  Hz @ 5.0 g peak 
60 H z  @ 40.0 g peak 
510 H z  @ 40.0 g peak 
800 H z  @ 60.0 g peak 
2000 Hz @ 380 g peak 
Parallel to the pump centerline (engine X axis) 
Steady-state random vibration amplitudes-R4 : 
20 - 180 fiz @ 0.005 (g  r m ~ ) ~ / ~ z  
180 - 200 Hz @ +31.38 dB Ioct 
200 - 220 H z  @ 0.015 ( g  r m s ) a l ~ z  
220 - 250 H z  @ +19.95 dB Ioct 
250 - 290 Hz @ 0.035 (g  r r n ~ ) ~ / H z  
290 - 300 Hz @ -29.88 dB 10ct 
300 - 320 Hz @ 0.025 (g rms) 2 ~ ~ z  
320 - 330 Hz @ 63.81 dB Ioct 
330 - 340 H z  @ 0.048 (g r m ~ ) ~ / ~ z  
340 - 350 Hz @ -81.02 dB1oct 
350 - 360 H z  @ 0.022 (g r m s ) 2 / ~ z  
360 - 370 H z  @ +51.01 dB Ioct 
370 - 390 Hz @ 0.035 (g r m s ) 2 / ~ z  
390 - 400 Hz @ -55.21 dB Ioct 
400 - 410 Hz @ 0.022 (g r m s ) 2 / ~ z  
410 - 450 Hz @ +71.37 dB1oct 
450 - 690 H z  @ 0.2 (g r m ~ ) ~ / ~ z  
690 - 710 Hz @ +42.71 dB/oct 
710 - 740 Hz @ 0.3 (g r m ~ ) ~ l H z  
740 - 770 H z  @ -43.03 dB1oct 
770 - 810 Hz @ 0.17 ( g  rms)2/Hz 
810 - 830 H z  @ +57.09 dB/oct 
$30 - 850 H z  @ 0.27 (g  r m s ) z / ~ z  
850 - 860 H z  @ - 77.24 dB lo?+ 
860 - 950 H z  @ 0.2 ( g  r r n ~ ) ~ I H z  
950 - 1080 H z  @ -11.99 dB1oct 
1080 - 1100 H z  @ 0.12 (g  rms)ZIHz 
1100 - 1130 H z  @ +67.81 1BIoct 
1130 - 1210 H z  @ 0.22 ( g  r m s ) 2 / ~ z  
(Zone H) 
, f Rhndom cornpsite reference level = 42.85 g rrns 
i 
1 { Superimposed steady-state sinusoids-R4. 
* 
I 
. e - i  
Sinusoidal dwells of 1.4 g rms at 270 H z ,  1.8  g rms at 540 Hz, 2.5 g rrns at 1080 
Y Hz, 4.9 g rms at 1350 H L  and 9.6 g r m s  at 1620 Hz for 6.5  hr .  1, 
$ Sinusoidal sweeps of 1.4 g rms irom 200 H z  to 270 H z  to 200 H z  at  70 Hzlmin, 1.8  
g rrns from 400 H z  to 540 Hz to 400 H z  at 140 Hz/min and 9.6 g rrns from 800 Hz 
i l to 1620 Hz to 800 H z  at  420 Hzlmin for 1 . 0  hr  
Total composite level = 44.31 g r m s  
f 
. :.,, # ~ i l  *,w-+:-:, -n @ > .* d . a 
Radial t o  t h e  pump center l ine  (engine Y a n d  Z a x e s )  
Steady-s ta te  random vibrat ion amplitudes-R4: 
20 - 140 Hz @ 0.005 (g rms)21Hz 
140 - 200 Hz @ +22.86 d B /oct 
200 - 260 Hz @ 0.075 (g rms)21Hz 
260 - 280 Hz @ -60.3 d B  Ioct 
280 - 300 Hz @ 0.017 ( g  rms)2/Hz 
300 - 310 Hz @ -4P.72 dB/oct  I 
k 310 - 320 Hz @ 0.01 (g r m s ) z / ~ z  
2: 320 - 330 HZ B .+51.9 d B  10ct 
F 330 Hz @ 0.017 ( g  r m s ) 2 i ~ z  
k 
2- 
330 - 360 Hz @ +17.26 dB1oct 
. e : ~  360 - 440 Hz @ 0.028 ( g  r m s ) Z / ~ z  
440 - 470 IIz 8 -15.36 dB/oc t  
I 470 - 560 Hz @ 0.02 ( g  r r n s ) ' , ' ~ ~  
560 - 600 Hz @ +17.69 dB1oct 
i 600 - 680 Hz @ 0.03 ( g  r r ~ l s ) ~ / ~ z  
. :  
680 - 720 Hz @ -25.92 d B  Ioct 
P 720 - 750 Hz @ 0.017 ( g  r m s ) 2 1 ~ z  
1 750 - 760 Hz @ +129.08 dB/oc t  
. , 760 - 840 Hz @ 0.03 (g rrns) 2 /Hz 
\ 840 - 870 HZ Cd -53.93 dB1oct 
I, 870 - 9Q0 Hz B 0.016 ( g  r m ~ ) ~ / 1 1 z  
900 - 940 Hz @ +86.72 d B  Ioct 
% .  940 - 1090 Hz @ C.056 ig ? ~ S ) ~ / H Z  
1090 - 1:10 Hz @ -103.34 d B / o ~ j t  
f 1110 - 1250 Hz @ 0.03 ( g  r r n ~ ) ~ / H z  
1250 - 1.260 Hz @ +251.86 d B  /oct 
1260 - 1,140 Hz @ 0.06 ( g  r r n s ) Z / ~ z  
1340 - 1360 Hz @ -67.7 dBIoct  
1.360 - 1450 Hz @ 0.043 (g r r n ~ ) ~ / ~ z  
1450 - 1520 Hz @ 1-43.51 c'.B/oct 
1520 - 1590 Hz @ 0.a85 (g r m ~ ) ~ / ~ . z  
1590 - 1640 Hz B +122.61 dB/$ct 
1640 - 1700 Hz @ 0.3 (g rms) -/Hz 
1700 - 1710 Hz @ +396.83 dB/oc t  { 1710 - 1770 Hz @ 0.65 (g r m s ) Z / ~ z  
b 1770 - 1780 H z  @ -859.95 dB1oct 
/ .  1 1780 - 1870 Hz @ 0.13 ( g  r m s ) Z l ~ z  
L 1870 - 1940 Hz @ +229.27 dB/oc t  
. h 1940 -. 2000 Hz @ 0.63 ( g  r m s ) Z l ~ z  E 
. -  f 
: $ Random composite re fe rence  level = 14.23 g rms 
. r 
-* 
' . / *  
.< . 
(Zone H) 5 
Superimposed s teady-s ta te  sinusoids-R 4 : I 
Sinusoidiil dwells of 1.9 g rms at 270 Hz, 1.4 g rms a t  540 Hz,  1.0 g rms a t  810 Hz,  \ :' 4.0 g r m s  a t  1080 Hz, 1.0 g rms a t  13.50 Hz a ~ d  1 . 3  g rms a t  1620 Hz for  6.5 hr . .  
(Zone H) 
Sinusoid sweeps of 1 .9  g rms from 200 Hz to 270 Hz to 200 Hz at 70 Hz!min, 1.4 g 
rms from 400 Hz to 540 Hz to 400 H z  at 140 Hzlmin and 40 g rms from 600 Hz to 
l € : O  Hz to 600 Hz at 420 Hzlmin for 1 .0  hr 
Total composite level = 15.09 g rms 
I 
(Zone H-1) 
4.5.8.1 SSME Vibration Criteria Zone H-: 
, This  zone includes t h e  low p re s su re  fuel t u r b o p u ~ ? ~  (LPFTP) inlet f lange low ne t  
positive suction p re s su re  (4  t o  15 NPSP). Vibration amplitudes a r e  a s  follows: 
. '  
Parallel t o  t h e  pump centerline (engine X ax is )  
Steady-state random vibration amplitudes-R4: 
20 - 100 Hz @ 0.06 (g r a s ) 2 / ~ z  
100 - 150 Hz @ -13.31 dB /oct 
150 - 200 Hz @ 0.01 (g r m ~ ) ~ / H z  
200 - 250 Hz @ +16.51 dB/oct 
250 - 410 Hz @ 0.034 (g rms)2/Hz 
410 - 430 Hz @ -33.54 dB/oct 
430 - 520 Hz @ 0.02 (g r r n ~ ) ~ / H z  
520 - 530 Hz @ +35.26 dB/oct 
530 - 600 Hz @ 0.025 (g r m ~ ) ~ / H z  
600 - 610 Hz @ +176.80 dB/oct 
610 - 630 Hz @ 0.066 (g r r n ~ ) ~ / H z  
630 - 640 Hz @ -45.57 dB /oct 
640 - 670 Hz @ 0.052 (g rms)2/Hz 
670 - 720 Hz @ +34.98 dB /oct 
720 - 760 Hz @ 0.12 (g ~ m s ) ~ / H z  
760 - 780 Hz @ -21.13 dB/oct 
780 - 800 Hz @ 0.1 (g rms)21Hz 
800 - 860 Hz @ +28.85 dB /act 
860 - 990 Hz @ 0.2 (g rmsj2 /Hz 
990 - 1050 H Z  @ -22.04 dB i ~ t  
1050 - 1100 Hz @ 0.13 (g rms)2/Hz 
1100 - 1140 HZ @ -22.12 d B / ~ t  
1140 - 1200 Hz @ 0.1 (g rrns)2/Hz 
1200 - 1240 Hz @ +164.49 dB/oct 
1240 - 1350 Hz @ 0.6 (g rrns)Z/Hz 
135C 1380 Hz @ -143.79 dB Ioct 
1380 - 1440 Hz @ 0.21 (g r m s ) Z / ~ z  
1440 - 1510 Hz @ +154.49 dB /oct 
1510 - 1840 Hz @ 2.4 (g  rms)2/Hz 
1.840 - 1980 Hz @ +54.71 dB/oct  
1980 - 2000 Hz @ 9.1 (g rms)2/Hz 
- 
Random composite reference level = 44.09 g rms 
c Superimposed steady-state sinusoids-R4: 
i. * Sinusoidal dwells of 1.0 g r m s  at 270 Hz, 1 .8  g r m s  a t  540 Hz, 2.5 g rrns a t  1080 Hz, 
& 
I 4.9 g r m s  a t  1350 Hz a;ld 9.6 g rms a t  1620 Hz for  6.5 hr 
dC, 
Sinusoidal sweeps of 1.0 g rms from 200 Hz to 270 Hz to 200 Hz a t  70 Hzlrnin, 1.8 
g r m s  from 400 Hz to 540 Hz to  400 Hz a t  140 Hz/min and  9.6 g rms from 800 Hz t o  
1 6 2 0 H z t o 8 0 0 H z a t 4 2 0 H z l r n i n f o r 1 . 0 h r .  
3 Total composite level = 45.50 g rrns 
Radial t o  t h e  pump centerline (engine Y and - ~ e a j   
Steady-state rendom vibration amplitudes-R4: 
:z @ 0.1 ( g  rms)2/Hz 
.z @ -21.72 dB/oct  
z @ 0.02 (g r m ~ ) ~ / H z  
:z @ +38.61 dB/oct 
:z @ 0.35 (g  rms)Z/Hz 
:z @ -45.84 dB/oct  
z @ 0.082 ( g  rrns)2/Hz 
. Z  @ --36.92 d B / o ~ t  
iz @ 0.043 (g r m ~ ) ~ / H z  
z @ +12.44 dB/oct 
z @ 0.1 (g r m ~ ) ~ / H z  
:z 8 +13.07 dB/oct 
:z @ 0.12 (g r m ~ ) ~ / H z  
z @ -36.79 dB/oct 
z @ 0.087 (g r m ~ ) ~ / H z  
lz @ +11.3 dB1oct 
Iz @ 0.3 (g - ; ~ . S ) ~ / H Z  
z @ -17.87 dB/oct  
z @ 0.23 ( g  r m ~ ) ~ / H z  
z @ +62.95 dB/oct  
.z @ 1.2 (g r m s )  2 / ~ z  
z @ +533.29 dB/oct 
:z @ 3.5 (g r m ~ ) ~ / H z  
:z @ -160.44 dB/oct  
:z @ 1.4 ( g  r m ~ ) ~ / H z  
z @ +94.29 dB /oct 
z @ 5.2 ( g  r m ~ ) ~ / H z  
(Zone H-1) 
Random composite reference level = 36.81 g r m s  
Superimposed steady-state sinusoids-R 4 : 
Sinusoidal dwells of 1.4 g rrns a t  540 Hz, 5.9 g rrns a t  1080 Hz, 4.5 g rms a t  1350 
Hz and  4.5 g rrns a t  1620 Hz for  6.5 hr 
- Sinusoidal sweeps of 1.4 g rms from 400 Hz t o  540 Hz to 400 Hz a t  140 Hzlmin and 
5.9 g rrns from 800 Hz to  1620 Hz t o  800 Hz a t  420 Hzlmin fo r  1.0 hr 
.i # Total composite level = 37.85 g r m s  
(Zone H-2) ,.& 
J 4.5.8.2 SSME Vibration Criteria Zone H-2 t This zone includes the  low pressure fuel t u r v p u m p  (LPFTP) discharge duct flange. 
- t_ 
Z Vibration amplitudes are a s  follows : 
Transient shock spectrum-R4: (engine axes) 
X ,  Y and Z axes (Q=10) 120 pulses 
10 Hz @ 4.0 g peak 
190 Hz @ 80.0 g peak 
320 Hz @ 150 g peak 
500 Hz @ 90.0 g peak 
1230 Hz @ 280 g peak 
1630 Hz @ 160 g peak 
2000 Hz @ 210 g peak 
Parallel to the  DUUD centerline (entrine X axis) 
Steady-state random vibration amplitudes-R 4 : 
2 0 -  30 Hz @ 0.005 (g r m ~ ) ~ / ~ z  
3 0 -  70 Hz @+13.11 dB/oct 
70 - 85 Hz @ 0.2 (g r m ~ ) ~ / ~ z  
85 - 100 Hz @ -35.14 dB ioc 
200 - 300 Hz @ +18.45 d B / w  
B 100 - 200 Hz @ 0.03 (g rms) /Hz 
H 300 - 1120 Hz @ 0.36 (g r m s )  /Hz 
1120 - 1300 Hz @ +39.14 d B / w t  
1300 - 1650 Hz @ 2.5 (g r m ~ ) ~ / ~ z  
1650 - 1750 Hz 3 -46.88 dB/oct 
1750 - 1850 Hz @ 1.0 (g r m s ) 2 / ~ z  
1850 - 2000 Hz @ +26.76 dl? /oct 
2000 Hz @ 2.0 (g r r n s ) 2 / ~ z  
Random composite reference level = 43.34 g rms 
Superimposed steady-state sinusoids-R4: 
Sinusoidal dwells of 2.7 g rrns a t  540 Hz, 3.3 g r m s  a t  810 Hz, 7.4 g rrns a t  1350 Hz 
and 8.3 g r m s  a t  1620 H z  for 6.5 hr .  
Sinusoidal sweeps of 3.3 g r m s  from 400 Hz to 810 Hz to 400 Hz a t  210 Hzlmin and 
8.3 g rrns from 1000 Hz to  1620 Hz to 1000 Hz at 420 Hz1rni.n for 1.0 h r .  
. . 
Total composite level = 44.94 g r m s  
(Zone H-2) 4 .  
Radial to the pump centerline (engine Y and Z axes) 
Steady-state random vibration amplitudes-R4: 
Random composite reference level = 44.72 g r m s  
Superimposed steady-state sinusoids-R4: 
Sinusoidal dwells of 2.7 g r m s  at 540 H z ,  3.3 g r m s  at 810 H z  3.5 g rms at 1080 H z ,  
7.4 g rrns at 1350 H z  and 8.3 g rrns at 1620 H z  for 6.5 hr 
Sinusoidal sweeps of 3.5 g rrns from 400 H z  to 1080 H z  to 400 Hz at 280 Hzlmin and 
8.3 g rrns from 1080 H z  to 1620 H z  to 1080 H z  r.t 420 H z / m i n  for 1.0 hr 
Total composite level = 46.41 g r m s  
(Zone H-3) / 5. 
4.5.8.3 SSME Vibration S r i t e r i a  Zone H-3 
T h i s  zone inc ludes  t h e  iow p r e s s u r e  fue l  turbopump (LYFTP) turbine flanges.  
Vibration a m p l i t u d x  ;IL a a s  follows : 
T r a n s i e n t  shock  spectrum-R 4 : (eng ine  axes )  
X ,  Y and Z axes (Q=10) 120 pulses 
1 0  Hz @ 4.0 g peak 
32 Hz @ 30.0 g p e a k  
65 P-z @ 70.0 g p e a k  
170 Hz @ 50.0 g p e a k  
480 Hz @ 80.0 g pep:. 
1000 Hz @ 140 g j e a k  
2000 Hz Z TSI; g peak  
Parallel to t h e  pump center i ine  (eng ine  X axis) 
Steady-state random vibration amplitudes-R4: 
20 - 160 Hz @ 0.02 (g rms) 2 / ~ z  
160 - 210 Hz @ +3.32 d B  Ioct 
210 - 360 Hz @ 0.027 ( g  rms)2/Hz 
360 - 450 Hz @ +27.01 d B  Ioct 
450 - 700 Hz @ 0.2 (g rms)2/Hz 
700 - 800 Hz @ t36.28 dB1oct 
800 - 1000 Hz @ 1.0 ( g  r m ~ ) ~ l ~ z  
1000 - 1300 Hz @ -18.47 d B  Ioct 
1300 Hz @ 0.2 (g r m s ) Z / ~ z  
1300 - 1460 Hz @ -43.76 d B  loct  
1460 - 1570 Hz @ 0.037 (g r m ~ ) ~ / ~ z  
1570 - 1700 Hz @ +21.90 d B  Ioct 
1700 - 1860 Hz @ 0.066 (g r m ~ ) ~ / ~ z  
1860 - 2000 Hz @ +17.24 d B  Ioct 
2000 Hz @ 0.1 ( g  r m ~ ) ~ / ~ z  
Random composite re fe rence  level  = 22.50 g rrns 
Superimposed s teady-s ta te  sinusoids-R4: 
Sinusoidal dwells of 4.5 g rrns a t  270 Hz, 5.6 g rrns at 540 Hz a n d  6.0 g rrns at 
1080 Hz fo r  6.5 h r .  
Sinusoidal sweeps  of 4.5 g rrns from 200 Hz t o  270 Hz t o  200 Hz a t  70 Hzlmin,  5.6 
g rrns from 400 Hz t o  540 Hz  t o  400 Hz a t  140 Hzlmin a n d  6.0 g rms  from 800 Hz t o  
1080 Hz t o  800 Hz a t  280 Hzlmin f o r  1.0 h r  
Total  composite level  = 24.42 g rms  
(Zone H-3) 
Radial t o  t h e  pump center l ine  (engine Y and Z axes) 
S teady-s ta te  random v i b r ~ t i o n  amplitudes-R4 : 
20 - 30 Hz @ 0.005 ( g  r m ~ ) ~ / ~ z  
30 - 70 Hz @ +6.37 d B  /oct 
70 - 90 Hz @ 0.03 ( g  rrns)21Hz 
90 - 130 HZ @ -8.99 dBIoct  
130 - 170 Hz @ 0.01 ( g  r m s ) 2 / ~ z  
170 - 250 Hz @ +27.53 dB/oc t  
250 - 300 Hz @ 0.34 ( g  r m ~ ) ~ l H z  
300 - 330 Hz @ -53.75 dB/oc t  
330 - 340 Hz @ 0.062 ( g  r m ~ ) ~ / H z  
340 - 350 Hz @ +116.30 dBIoct  
350 - 360 Hz @ 0.19 (g rrns)2/Hz 
360 - 370 Hz @ - 140.27 d B  Ioct 
370 - 400 Hz @ 0.053 ( g  r m s ) 2 / ~ z  
400 - 420 Hz @ -33.09 dBIoct  
420 - 440 Hz @ 0.031 ( g  r m ~ ) ~ / ~ z  
440 - 450 Hz @ +83.92 d B  Ioct 
450 - 491) Hz @ 0.058 (g  r r n ~ ) ~ / ~ z  
490 - 550 Hz @ +46.09 dB/oc t  
550 - 800 Hz @ 0.34 ( g  r m ~ ) ~ / ~ z  
800 - 1200 Hz @ -14.23 dB/oc t  
1200 - 1680 Hz @ 0.05 ( g  r m ~ ) ~ l H z  
1680 - 1730 Hz @ +18.71 d B  /oct 
1730 - 1750 Hz @ 0.06 ( g  r r n ~ ) ~ / H z  
1750 - 1780 HZ @ -32.29 dB/oc t  
1780 - 1840 H z  @ 0.05 ( g  rms)2/Hz 
1840 - 1870 Hz @ +92.08 d B  Ioct 
1870 - 1910 Hz @ 0.082 ( g  r r n ~ ) ~ l ~ z  
1910 - 1930 Hz @ -37.58 d B  Ioct 
1930 - 2000 Hz @ 0.072 ( g  r m ~ ) ~ / H z  
Random compsite re fe rence  level  = 15.46 g rms 
> Superimposed s teady-s ta te  sinusoids-R4 : 
Sinusoidal dwells of 3.0 g rms at 270 Hz,  2.7 g rms  a t  540 Hz,  a n d  3.4 g r m s  at 
f 1090 Hz f o r  6.5 h r  
Sinusoidal sweeps  of 3.0 g rrns from 200 Hz t o  270 Hz t o  200 Hz at 70 Hzlmin,  2.7 
g rrns from 400 Hz t o  540 Hz t o  400 Hz a t  140 Hzlmin and 3.4 g rrns from 800 Hz 
t o  1080 Hz t o  800 Hz a t  280 Hzlmin f o r  1.0 h r  
Total composite level = 16.33 g rms 
(Zone H-4) 
4.5.8.4 SSME Vibration Criteria Zone H-4 
This zone includes the low pressure fuel turbopump (LPFTP) turbine discharge duct 
flex joint. Vibration amplitudes are as follaws: 
Transient shock spectrum-R 4 : (component axes) 
X axis (Q=10) 120 pulses 
10 H z  @ 3.5 g peak 
50 H z  @ 21.3 g peak 
100 H z  @ 27.0 g peak 
250 H z  @ 84.0 g peak 
500 H z  @ 91.0 g peak 
1000 H z  @ 56.0 g peak 
1600 H z  @ 60.0 g peak 
2000 H z  @ 54.0 g peak 
Y axis (Q=10) 120 ~ u l s e s  
10 H z  @ 11.5 g peak 
50 H z  @ 21.0 g peak 
100 H z  @ 95.0 g peak 
250 H z  @ 230 g peak 
500 H z  @ 235 g peak 
1200 H z  @ 275 g peak 
1600 H z  @ 98.0 g peak 
2000 H z  @ 300 g peak 
Z axis (Q=10) 120 pulses 
10 H z  @ 12.0 g peak 
50 H z  @ 14.0 g peak 
100 H z  @ 20.0 g peak 
250 H z  @ 370 g peak 
500 H z  @ 78.0 g peak 
1000 H z  @ 93.0 g peak 
1600 H z  @ 54.0 g peak 
2000 H z  @ 224 g peak 
(Zone H-4) + I 
Perpendicular  t o  flow direction (component X ax i s )  
Steady-s ta te  random vibrat ion amplitudes-R 4 : 
20 - 100 Hz @ 0.02 (g r r n s ) Z / ~ z  
100 - 130 Hz @ +17.26 dB1oct 
130 - 150 Hz @ 0.09 (g r m s ) Z / ~ z  
150 - 160 Hz @ -102.49 dB/oc t  
160 - 170 Hz @ 0.01 ( g  r m ~ ) ~ l ~ z  
170 - 180 Hz @ +94.36 dB1oct 
180 - 220 Hz @ 0.06 (g r m ~ ) ~ / ~ z  
220 - 250 Hz @ +62.15 dB Ioct 
250 - 260 Hz @ 0.84 (g r m s ) z l ~ z  
260 - 280 Hz @ -142.8 dB1oct 
280 - 330 Hz @ 0.025 (g r m ~ ) ~ / ~ z  
330 - 370 Hz @ +45.33 dB Ioct 
370 - 530 Hz @ 0.14 (g r m ~ ) ~ / ~ z  
530 - 650 Hz @ -22.72 dB1oct 
650 - 710 Hz @ 0.03 (g r m s ) Z l ~ z  
710 - 820 Hz @ +48.12 dB Ioct 
820 - 900 Hz @ 0.3 (g rms)BIHz 
900 - 1000 Hz @ -26.18 dB/oc t  
1000 - 2000 Hz @ 0. i 2  (g r m ~ ) ~ / ~ z  
Random composite re fe rence  level  = 15.60 g rms  
Superimposed s teady-s ta te  sinusoids-R 4 : 
Sinusoidal dwells of 2.0 g rms  a t  500 Hz, 6.0 g rms  a t  600 Hz a n d  2.4 g r m s  a t  
2000 Hz for  6.5 h r  
Sinusoidal sweeps  of 6.0 g rms  from 350 Hz t o  620 Hz t o  350 Hz &t 27C Htlmin a n d  
2.4 g r m s  from 1400 Hz t o  2000 Hz to  1400 Hz a t  600 Hzlmin f o r  1.0 h r .  
Total composite level  = 17.0 g rms 
Parallel t o  eng ine  t h r u s t  l ine direction (component 
Steady-s ta te  random vibration amplitudes-R4: 
2 0 -  7 0 H z  @ 0 . 0 2  ( g r m ~ ) ~ / ~ z  
70 - 130 Hz @ +13.17 dB/oc t  
130 - 150 Hz @ 0.3 (g r m ~ ) ~ l ~ z  
150 - 170 Hz @ -9.75 dB/oc t  
170 - 210 Hz @ 0.2 (g r r n ~ ) ~ / ~ z  
210 - 300 Hz @ -11.21 d B / o c t  
300 - 330 Hz @ 0.053 ( g  r m ~ ) ~ / ~ z  
330 - 060 HZ @ +60.0 dB 10ct 
360 - 550 Hz @ 0.3 (g r m ~ ) ~ / ~ z  
550 - 680 Hz @ -28.59 dB/oc t  
680 - 730 Hz @ 0.04 (g  r r n ~ ) ~ / ~ z  
730 - 770 Hz @ +66 20 d B / o c  a 770 - 990 Hz @ 0.22 (g rrns) /!iz 
990 - 1040 Hz @ -61.81 dB /oct 
1040 - 1230 Hz @ 0.08 ( g  r ~ a ) ~ / ~ z  
1230 - 1420 Hz @ +30.93 d 3 / o c t  
1420 - 1&40 Hz @ 0.35 (g r m ~ ) ~ / ~ z  
1640 - 1700 Hz @ -12; 7 d B / o c  I 1700 - 1890 Hz @ O.Od (g rms)  /Hz 
1890 - 2000 Hz @ +48.76 dB /O t 5 2000 Hz Q 0.2 (g rnls) /Hz 
Random composite re fe rence  level  = 18.58 g rms  
Superimposed s teady-s ta te  sinusoids-R4 : 
(Zone H-4) 
Y axis) 
Sinusoidal dwells of 3.5 g rms  a t  250 i-Iz. 2.3 g rrns a t  500 Hz a n d  6.5 g rrns a t  
600 Hz f o r  6.5 h r .  
Sinusoidal sweeps  of 3.5 g rrns from 200 Hz t o  270 Hz t o  200 Hz at 70 Hzlmin a n d  
6.5 g rrns from 350 Hz t o  620 Hz to  350 Hz a t  270 Hzlmin f o r  1.0 hr .  
Total composite level  = 20.12 g rrns 
(Zone H-4) L' 
i ' 
Parallel t o  flow direction (component Z axis)  
Steady-s ta te  random vibration amplitudes-R 4 : 
20 - 30 Hz @ 0.01 (g r m s ) 2 / ~ z  
3 0 -  40 Hz @+11.50  dB1oct 
40 - 110 Hz @ 0.03 ( g  r m s ) 2 / ~ z  
110 - 130 Hz @ t21.70 dB1oct 
130 - 220 Hz @ 0.1 ( g  r m ~ ) ~ l H z  
220 - 250 Hz @ -24.72 dBloc t  
250 - 330 Hz @ 0.035 ( g  rms)  2 1 ~ z  
330 - 380 Hz @ +45.84 dB Ioct 
380 - 470 Hz @ 0.3 ( g  r r n ~ ) ~ / H z  
470 - 690 Hz @ -15.80 dB1oct 
690 - 740 Hz @ 0.04 ( g  r m s ) z / ~ z  
740 - 800 Hz @ +65.82 dB Ioct 
800 - 1000 Hz @ 0.22 (g r m ~ ) ~ l ~ z  
1000 - 1310 Hz @ -22.21 dB Ioct 
1310 - 1430 Hz @ 0.03 ( g  r m ~ ) ~ / ~ z  
1430 - 1470 Hz @ +29.10 dB1oct 
1470 - 1590 Hz @ 0.07 ( g  r m ~ ) ~ l ~ z  
1590 - 1640 Hz @ +141.49 dB1oct 
1640 - 1730 Hz @ 0.3 (g rms)  2 / ~ z  
1?30 - 1740 Hz @ -362.2 dB1oct 
1740 - 1830 Hz @ 0.15 ( g  r m s ) z l ~ z  
1830 - 2000 Hz @ -13.74 dB Ioct 
2000 Hz @ 0.1 (g r m s ) Z / ~ z  
Random colAiposite re fe rence  level  = 15.70 g rms 
Superimposed s teady-s ta te  sinusoids-R4 : 
Sinusoidal dwells of 2.2 g YES at 250 Hz a n d  5.0 g i ms a t  600 1- f o r  6.5 h r  
Sinusoidal sweeps  of 2.2 g rms  from 200 Hz t o  270 Hz t o  200 Hz a t  70 Hzlmin a n d  
5.0 g rms  from 450 Hz t o  620 Hz t o  450 Hz a t  170 Hzlmin f o r  1.0 h r  
Total composite level = 16.62 g rms 
(Zone H-5)  
SSME Vibration Criteria Zone H - 5  
I 
This zone includes the low pressure fuel pump (LPFP) discharge duct flex joint. 
Vibration amplitudes are as follows: 
Transient shock spectrum-R4: (component axes) 
X axis (Q=10) 120 pulse!. 
10 H z  0 7.7 g peak 
20 H z  0 116 g peak 
50 H z  8 76.0 g peak 
170 H z  @ 73.0 g peak 
320 H z  @ 221  g peak 
630 H z  @ 116 g peak 
1000 H z  @ 483 g peak 
1250 H z  @ 480 g peak 
2000 H z  @ 222 g peak 
Y axis (Q=10) 120 pulses 
10 H z  @ 4.5 g peak 
20 H z  @ 70.0 g peak 
60 H z  @ 39.0 g peak 
200 H z  @ 83.0 g peak 
300 H z  B 364 g peak 
520 H z  @ 115 g peak 
970 H z  @ 290 g peak 
2000 H z  0 112 g peak 
Z axis (Q=lOj 120 pulses 
10  H z  @ 5.0 g peak 
20 H z  @ 65.0 g peak 
50 H z  @ 45.0 g peak 
I00 H z  @ 82.0 g peak 
320 H z  @ 610 g peak 
610 H z  0 440 g peak 
970 H z  @ 195 g peak 
2000 H z  @ 146 g peak 
(Zone H-5) 
Parallel t o  engine t h r u s t  line direction (component X axis)  
Steady-state random vibration amplitudes-R4: 
2 0 -  9 0 H z  (30.05 ( g r m s ) 2 / ~ z  
90 - 110 Hz @ +13.13 dB1oct 
110 - 120 Hz @ 0.12 ( g  r m s ) 2 1 ~ z  
120 - 140 Hz 0 -40.61 dB1oct 
140 - 200 Hz @ 0.015 ( g  r m ~ ) ~ / H z  
200 - 230 Hz @ +60.60 dB Ioct 
230 - 240 Hz @ 0.25 (g ~ ~ S ) ~ / H Z  
240 - 280 Hz @ -43.37 dB lm8t 
280 - 310 Hz @ 0.021 (g r m ~ ) ~ l ~ z  
310 - 330 Hz @ +83.92 dB Ioct 
330 - 390 Hz @ 0.12 ( g  r m ~ ) ~ / ~ z  
390 - 410 Hz @ -89.79 dB Ioct 
410 - 620 Hz @ 0.027 (g r m s ) 2 / ~ z  
620 - 710 Hz @ +68.87 dB1oct 
710 - 830 Hz @ 0.6 ( g  r m ~ ) ~ l ~ z  
830 - 840 Hz @ -450.37 dB /act 
840 - 910 Hz @ 0.1 (g zms)2/Hz 
910 - 930 Hz 8 +222.8ti dB/oct 
930 - 970 Hz @ 0.5 ( g  r r n ~ ) ~ l ~ z  
970 - 990 Hz @ -223.33 dB/oct 
990 - 1010 Hz @ 0.11 ( g  r m s ) Z / ~ z  
1010 - 1030 Hz @ +502.32 dR1act 
1030 -- 1050 Hz @! 2.9 ( g  ~ ~ S ) ~ I H Z  
1050 - 1080 HZ @ -113.37 dB1oct 
1080 - 1280 Hz 8 1.0 ( g  r m ~ ) ~ / ~ z  
1280 - 2000 Hz @ -15.53 dB1oct 
2000 Hz @ 0.1 (g r m ~ ) ~ / ~ z  
Random composite reference level = 27.43 g rms 
Superimposed steady-rtate sinusoids-R 4 : 
Sinusoidal dwells of 2.35 g r m s  a t  500 Hz, 5.98 g r m s  a t  600 Hz, 4.07 g rms at  
1000 Hz, and  7.79 g rms at 1200 Hz for 6.5 h r  
Sinusoidal sweeps of 5.98 g rms from 350 Hz to  620 Hz to  350 Hz a t  270 Hzlmin, and  
7.79 g rms from 700 Hz to  1240 Hz t o  700 Hz a t  540 Hzlmin for  1.0 h r  
Total composite level = 29.44 g rms 
(Zone H-5 
Parallel t o  flow direct ion ( c o m ~ o n e n t  Y axis! 
Steady-s ta te  random vibration amyiit udes-R4 : 
20 - 100 Hz @ 0.011 ( g  rms)2/Hz 
100 - 120 Hz @ +43.47 dB/oc t  
120 - 130 Hz @ 0.153 ( g  r m s ) 2 / ~ z  
130 - 1 4  HZ @ -91.71 dB/oc t  
140 - 200 Hz 3 0.016 ( g  rms)2/Hz 
200 - 240 Hz @ +30.26 dB/oc t  
240 - 280 Hz @ 0.1 (g rrns12/Hz 
280 - 300 Hz @ +39.98 dB/oc t  
300 - 310 Hz @ 0.25 ( g  r m ~ ) ~ / H z  
310 - 320 HZ @ -173.76 d B  / O C ~  
320 - 390 Hz @ 0.04 (g r r n ~ ) ~ / H z  
390 - 400 Hz @ t120.28 d B  /oct 
400 - 420 Hz @ 0.11 ( g  r r -oI2/Hz 
420 - 460 Hz @ -20.61 dB/oc t  
460 - 600 1.2 @ 0.059 (g  rms) /Hz 
;Oil - 620 Hz  @ +72.53 dB/oc t  
620 - 770 Hz @ 0.13 (g r m ~ ! ~ / ~ z  
770 - 810 H z  @ +93.81 dB/oc t  
810 - 950 Hz @ 0.63 (g r m ~ ) ~ / H z  
950 - 970 Hz @ -217.32 d b l o c t  
910 - 1060 Hz @ 0.14 (g r m ~ , ~ / ~ z  
1060 - 1080 Hz @ +122.74 di3 Ioct 
1080 - 1120 Hz @ 0.3 fg  r m ~ ) ~ / H z  
1120 - 1270 H z  @ -26.31 dB /oct 
1270 - 1630 Hz @ 0.1 : J  rms)2/Hz 
1639 - 2000 h z  B -10.20 d B  /oct 
2000 Hz @ 0.05 (g r m ~ ) ~ / ~ z  
Randoin composite re fe rence  level  - 16.79 g rms 
Superimposed s teady-s ta te  sinusoids-R4: 
Sinusoidal dwells of 4.79 g rms a t  600 Hz a n d  3.6 g rms at 1000 Hz f o r  6 .5  hr .  
Sinusoidal Fweeps of 4.79 g rms from 450 Hz t o  620 Hz t o  450 Hz a t  170 Hzlmir, a n d  
3.6 g rms from 700 t o  1040 Hz t o  790 H z  a t  340 Hz/min f o r  1.0 h r .  
Total  composite level = 17.83 g rms 
Perpendicular t o  t h r u s t  a c d  flow direction (component Z axis) 
Steady-state random vibration amplitudes-R4: 
20 - RO Hz @ 0.015 (g r m ~ ) ~ l ~ z  
80 - 100 Hz @ +35.60 dB Ioct 
100 - 120 Hz @ 0.21 (g r m ~ ) ~ / ~ z  
120 - 130 Hz @ -65.30 dB1oct 
130 - 200 Hz @ 0.037 ( g  r m ~ ) ~ l ~ z  
200 - 220 Hz @ +82.86 dB1oct 
220 - 290 Yz @ 0.51 (g r m ~ ) ~ l ~ z  
290 - 330 Hz @ -27.01 dB10ct 
330 - 390 Hz @ 0.:6 (g r m s ) 2 / ~ z  
390 - 410 HZ @ -21.84 dB/oct 
410 - 500 Hz @ 0.23 (g r m ~ ) ~ / ~ z  
500 - 520 Hz @ +129.93 d B /  t 7 520 - 550 Hz @ 1.25 (g rms) /Hz 
550 - 600 Hz @ -48.24 dT . oct 
600 - 680 Hz @ 0.31 (g r m ~ ) ~ l ~ z  
680 - 700 Hz @ -200.42 dB loct 
700 - 790 Hz @ 0.045 (g r m ~ ) ~ / ~ z  
790 - 850 Hz @ -19.51 dB loct 
850 - 1010 Hz @ 0.028 (g r m s 1 2 i ~ z  
1010 - 1060 Hz Cd +51.50 dB loct 
1060 - 1680 Hz @ 0.064 (g r m ~ ) ~ / ~ z  
1680 - 1710 Hz @ +106.91 dB/?t 
1710 - 1750 Hz @ 0.12 (g rms) /Hz 
1750 - 1800 Hz @ -68.86 dB loct 
1800 - 2000 Hz @ 0.063 (g r r n ~ ) ~ / ~ z  
(Zone H-5) 
Random composite reference level = 16.83 g r m s  
Superimposed steady-staie sinusoids-R4: 
Sinusoidal dwell-. of 5.03 g rms a t  500 Hz and  22.13 g r m s  a t  600 Hz for 6.5 hr. 
Sinusoidal sweeps of 22.13 g rms from 350 Hz to  620 Hz to  350 Hz a t  270 Hzlmin for  
1.0 h r  
Total composite level = 28.25 g r m s  
(Zone I) 
. . 4.5.9 SSME Vibration Criteria Zone I 
a 
The zone includes the high-pressure fuel turbopump (HPFTP) . Vibration amplitudes 
are as  follows : 
Transient shock spectrum-R4: (engine axes) 
X ,  Y and Z axes (Q=10) 120 pulses 
10 H z  @ 6.0 g peak 
25 H z  @ 15.0 g peak 
250 H z  @ 90.0 g peak 
320 H z  @ 100 g peak 
640 H z  @ 130 g peak 
1000 H z  @ 110 g peak 
1250 H z  @ 280 g peak 
1450 H z  @ 230 g peak 
2000 H z  @ 340 g peak 
Parallel to the pump centerline (engine X axis) 
Steady-state random vibration cmplitudes-R4: 
1 
Random composite reference level = 51.93 g rms 
Superimposed steady-state sinusoids-R4: 
Sinusoidal dwells of 1. ? g rrns at 250 H z  and 9.0 g r m s  at 600 H z  for 6.5 hr. 
Sinusoidal sweep of 10.5 g rms from 1703 H z  to 2000 H z  to 1700 H z  at 1 octavelmin 
for 7.5 h r ,  1.1 g rms from 200 H z  to 270 H z  to 200 H z  at 70 Hzlmin and 9.0 g r m s  
.c 
. 
from 450 H z  to 620 H z  to 450 H z  at 170 H z / m i n  Tor 1.0 hr.  
.*h 
- 
Total composite level = 53.75 g r m s  
-2 
(Zone I) 
Radial to the DumD centerline (enrrine Y and Z axes) 
Steady-state random vibration amplitudes-R4: 
Random composite reference level - 31.90 g rms 
Superimposed steady-state sinusoids-Rl: 
. Sinusoidal dwells of 9.0 g rms at 600 Hz and 5.1 g r m s  at 1200 Hz for 6.5 hr. 
Sinusoidal sweeps of 9.0 g rtns from 450 Hz to 620 Hz to 450 Hz at 170 Hzlmin, 5 .1  
g r m s  from 900 H z  to 1240 Hz to 900 Hz at 340 Hzlmin and 8.3 g rms from 1350 Hz 
to 1700 Hz to 1350 H z  at 510 Hzlmin for 1.0 h r ;  and 9.0 g rms from 1700 Hz to 
2000 Hz to 1700 H z  at 1 octavelmin for 7. '; hr.  
Total composite level = 33.70 g r m s  
(Zone I- 1) 
4.5.9.1 SSME Vibration Criteria Zone 1-1 
This zone includes the fuel flowmeter. Vibration amplitudes are as  follows: 
Transient shock spectrum-R4: 
X ,  Y and Z axes (Q=lO) 120 pulses 
10 Hz @ 6.0 g peak 
160 Hz @ 160 g peak 
250 Hz @ 160 g peak 
330 Hz @ 280 g peak 
500 Hz @ 130 g peak 
1000 Hz @ 120 g peak 
1250 Hz @ 150 g peak 
1730 Hz @ 130 g peak 
2000 Ez @ 140 g peak 
Perpendicular to the flow direction (engine X axis) 
S teady-state random vibration amplitudes-R4 : 
Random composite reference level = 28.42 g rms 
Superimposed steady-state sinusoids-R 4 : 
Sinusoidal dwells of 1.4 g r m s  at 500 Hz and 4.0 g rms at  600 Hz for 6.5 hr.  
Sinusoidal sweep of 4.0 g r m s  from 350 Hz to 620 Hz to 350 Hz at 270 Hzlmin for 
1.0 hr  
Total composite level = 28.74 g r m s  
I 
(Zone 1-1) 
Parallel to the flow direction ( e n h e  Y axis) 
Random composite reference level = 18.98 g rms 
Superimposed steady-state sinusoids-R4 : 
Sinusoidal dwells of 2.3 g rms at 500 H z  and 9.0 g rms at 600 Hz for 6.5 hr. 
Sinusoidal sweep of 9.0 g rms for 350 Hz to 620 Hz to 350 Hz at 270 Hzlmin for 
1.0 hr 
Total composite level = 21.13 g ?ms 
T a n ~ e n t i a l  t o  t h e  flow direction (engine Z axis)  
- ,  
(Zone 1-1) F 
Steady-state random vibration amplitudes-R4 : 
20 - 50 Hz @ 0.13 (g r m ~ ) ~ / ~ z  
50 - 95 Hz @ -6.88 dB /act 
95 - 160 Hz @ 0.03 (g r m ~ ) ~ / ~ z  
160 - 195 Hz @ +26.92 dB/oct  
195 - 210 Hz @ 0.176 (g r m ~ ) ~ / ~ z  
210 - 260 Hz @ +35.59 dB/oct  
260 - 270 Hz @ 2.20 (g r m s ) Z / ~ z  
270 - 350 Hz @ -37.08 dB1oct 
350 - 360 Hz @ 0.09 (g r m s ) 2 l ~ z  
360 - 370 Hz @ +87.73 dB /oc B 370 - 400 Hz @ 0.20 (g r m s )  /Hz 
400 - 420 HZ @ -49.27 dB 10ct 
420 - 750 Hz @ 0.09 (g r m ~ ) ~ l H z  
750 - 790 Hz @ +21.30 dB/oct  
790 - 870 Hz @ 0.13 (g r m s ) 2 / ~ z  
870 - 900 Hz @ +99.79 dB Ioct 
900 - 950 Hz Cd 0.40 (g r m s ) 2 / ~ z  
950 - 1075 Hz @ -46.20 dB/oct  
: 
1075 - 1100 Hz @ 0.06 (g r m ~ ) ~ / ~ z  
I 1100 - 1200 Hz @ +41.65 dB Ioct 
I 1200 - 1700 Hz @ 0.20 (g ~ ~ S ) ~ / H Z  
1700 - 1900 Hz @ -39.20 dB Ioct 
1900 - 1940 Hz @ 0.047 (g r m ~ ) ~ l ~ z  
1940 - 1980 Hz @ + I l l .  36 dB Ioct 
1980 - 2000 Hz @ 0.10 (g r m s ) 2 / ~ z  
* .  Random composite reference level = 19.32 g r m s  
Superimposed steady-state sinusoids-R 4 : 
Sinusoidal dwells of 3.2 g r m s  a t  500 Hz, 6.7 g r m s  a t  620 Hz and  2.4 g rms a t  
1240 Hz for  6.5 h r .  
Sinusoidal sweeps of 6.7 g r m s  fr0.n 350 Hz t o  620 Hz to  350 Hz a t  270 Hzlmin, and 
2.4 g r m s  from 900 Hz t o  1240 Hz t o  900 Hz at 340 Hz Imin for  1.0 h r .  
3 
. , Total composite level = 20.24 g rms 
(Zone J )  
Response Vibrations - Zones J Through U 
4.5.10 qSME Vibration Criteria Zone J 
This zone includes the main fuel valve (MFV). kibration amplitudes are as follows: 
Transient shock spectrum-R4: (component axes) 
X and Y axes (Q=10) 120 pulses 
20 Hz @ 10.0 g peak 
125 Hz @ 95.0 g pesk 
160 Hz @ 129 g peak 
200 Hz @ 301 g peak 
250 H z  @ 247 g peak 
325 Hz @ 290 g peak 
500 H z  @ 182 g peak 
2000 Hz @ 1222 g peak 
Z axis (Q=10) 120 pulses 
20 H z  @ 10.0 g peak 
125 Hz @ 100 g peak 
160 Hz @ 128 g peak 
250 H z  @ 412 g peak 
325 Hz @ 379 g peak 
500 Hz @ 203 g peak 
2000 Hz @ 1397 g keak 
(Zone J)  
Parallel to flow direction (componer .- - t X axis) 
Steady-state random vibration an.plit ides-R4: (criteria based on DVS 
testing representing accumulated engine - RPL operation time) 
Random composite reference level = 21.59 g rms 
Superimposed steady-state sinusoids-R 4 : 
Sinusoidal dwells of 6.74 g rms at 600 Hz and 5.23 g rms at 1200 Hz for 3.6 hr. 
Total composite level = 23.20 g rms 
(Zone J)  
Parallel t o  flow direction (component X ax i s )  -
Steady-s ta te  random vibration amplitudes-R4: (c r i t e r i a  b a s e d  on  DVS 
t e s t i n g  r e p r e s e n t i n g  accumulated eng ine  FPL -operation time) 
20 - 75 Hz @ 0.03 ( g  r m s ) 2 / ~ z  
75 - 85 HZ d -22.0 d B / ~ c t  
85 - 95 Hz @ 0.012 ( g  r m ~ ) ~ / ~ z  
95 - 140 Hz @ +25.0 d B  Ioct 
140 - 145 Hz @ 0.30 ( g  rms)21Hz 
145 - 150 Hz @ -128.0 dB1oct 
150 - 170 Hz @ 0.071 ( g  r m ~ ) ~ l ~ z  
170 - 180 Hz @ +97.3 dB1oct 
180 - 200 Hz @ 0.45 ( g  r m ~ ) ~ l H z  
200 - 240 Hz @ -49.8 dB10ct 
240 - 260 Hz @ 0.022 ( g  r m ~ ) ~ / ~ z  
260 - 300 Hz @ +35.7 dB/oc t  
300 - 315 Hz @ 0.12 ( g  r m ~ ) ~ l ~ z  
315 - 345 HZ @ -43.8 d B I ~ c t  
345 - 370 Hz G 0.032 ( g  r m s ) 2 / ~ z  
370 - 475 Hz @ +lo .  9 dB1oct 
475 - 700 Hz @ 0.079 ( g  r m ~ ) ~ / ~ z  
700 - 730 Hz @ +55.0 dB Ioct 
730 - 795 Hz @ 0.17 ( g  r m ~ ) ~ / ~ z  
795 - 970 Hz @ +16.3 dB10ct 
910 - 1015 Hz @ 0.50 ( g  rms)2/Hz 
1015 - 1070 Hz @ +121.4 dB/oc t  
1070 - 1120 Hz @ 4.2 ( g  r m s ) 2 / ~ z  
1120 - 1330 Hz @ -73.0 dB1oct 
1330 - 1670 Hz $ 0.065 ( g  r m ~ ) ~ l ~ z  
1670 - 1800 F z  @ +17.3 d B  Ioct 
1800 - 2000 Hz @ 0.10 (g rms)2/Hz 
Random composite re fe rence  level = 26.58 g rms 
Superimposed s teady-s ta te  sir~usoids-R4 :
Sinusoidai dwells of 8.05 g rms a t  600 Hz, 8.94 g rms at 1000 Hz a n d  2.83 g rms a t  
2CG0 Hz fo r  2.9 h r  
Sinusoidal sweeps  of 8.05 g rms  from 450 Hz t o  620 Hz t o  450 Hz a t  170 Hzlmin and 
2.83 g rms from 1400 Hz t o  2000 Hz t o  1400 Hz a t  600 Hzlmin f o r  1.0 h r .  
Total composite level  = 29.31 g rms 
; .'. r? {Zone J) 
Parallel t o  ac tua to r  shaf t  direction (component Y ax i s )  ! 
Steady-s ta te  random vibration amplitudes-R4: (cr i ter ia  based  o n  DVS 
t e s t i n g  r e p r e s e n t i n g  accumulated eng ine  - RPL operation time) 
20 - 100 H z  @ 0.005 ( g  r m ~ ) ~ / ~ z  
100 - 150 Hz @ +21.0 d B  Ioct 
150 - 180 Hz @ 0.085 ( g  r m ~ ) ~ / ~ z  
180 - 220 Hz B -26.0 d B  Ioct 
220 - 380 Hz @ 0.015 ( g  r m ~ ) ~ l ~ z  
380 - 460 Hz @ +14.6 dB Ioct 
460 - 630 Hz @ 0.038 ( g  r m ~ ) ~ / ~ z  
630 - 770 Hz @ -13.9 d B  Ioct 
770 - 1300 Hz @ 0.015 (g r m ~ ) ~ l ~ z  
1300 - 1320 Hz @ +178.0 uB1oct 
1320 - 1340 Hz @ 0.09 (g rms)2/1iz 
1340 - 1360 HZ @ -68.4 dB/oc t  
1360 - 1450 H z  @ 0.015 ( g  r m s ) X l ~ z  
1450 - 1940 Hz @ +19.6 dB1oct 
1940 - 2000 Hz @ 0.1 ( g  r m ~ ) ~ l ~ z  
Random composite r c  "erence level = 7.90 g rms  
Superimposed s teady-s ta te  sinusoids-R4: 
, . 
Sinusoidal dwell of 1.7 g rms  a t  600 Hz f o r  3.6 h r  
Total composite level  = 8.10 g rms 
(Zone J )  
Parallel to actuator shaft direction (component Y axis) 
Steady-state random vibration amplitudes-R4: (criteria based on DVS 
testing representing accumulated engine - FPL operation time) 
Random composite reference level = 20.23  g rms ' I 
. I  I 
Superimposed steady-state sinusoids-H 4 : 
Sinusoidal dwells of 3 . 6  g rms at 600 H z  and 1 . 5  g rms at 2000 H z  for 2 . 9  hr j 
Sinusoidal sweeps of 3 .6  g rms from 450 H z  to 620 H z  to 450 H z  at 170 Hzlmin and 
1 . 5  g r m s  from 1400 Hz to 2000 Hz to 1400 Hz at 600 Hz/min for 1 . 0  hr 
Total composite level = 20.60 g rms 
(Zone J )  
Perpendicular - to flow and perpendicular to actuator shaft direction 
(component Z axis) 
Steady-state random vibration amplitudes-R4: (criteria based on DVS 
testing representing accumulated engine RPL operation time) 
20 - 110 H z  @ 0.007 (g  r m s ) 2 / ~ z  
110 - 170 H z  @ +25.0 dB/oct 
170 - 200 Hz @ 0.26 (g r m s ) 2 ~ ~ z  
200 - 260 H z  @ -29.4 dB/oct 
260 - 400 H z  @ 0.02 (g  r m ~ ) ~ / ~ z  
400 - 460 Hz @ +13.82 d B  Ioct 
460 - 1310 H z  @ 0.038 ( g  r m ~ ) ~ / ~ z  
1310 - 1320 Hz @ +I072 dB/oct 
1320 - 1340 Hz @ 0.57 (g  r r n ~ ) ~ / H z  
1340 - 1350 H z  @ -1092 dB loct 
1350 - 1660 H @ 0.038 ( g  r m ~ ) ~ l H z  
1660 - 1850 Hz B +26.9 dB /oct 
1850 - 2000 Hz @ 0.1 ( g  rms)2/Hz 
Random composite reference level = 10.50 g rms 
Superimposed steady-state sinusoids-R4 : 
Sinusoidal dwells of 1 .7  g rrns at 600 Hz and 1.5 g rms at 1200 H z  for 3.6 hr.  
Total composite level = 10.74 g rms 
(Zone J) 
Perpendicular - to flow and perpendicular - to actuator shaft direction 
(component Z axis) 
Steady-state random vibration amplitudes-R 4 : (criteria based on ' ' 
testing representing accumulated engine FPL -operation time) 
Random composite reference level = 17.53 g rms 
Superimposed steady-state sinusoids-R4: 
Sinusoidal dwells of 4 .3  g rms at 600 H z  and 2.83 g rms at 2000 !-iz for 2.9 hr .  
Sinusoidal sweeps of 4.3 g rms from 450 H z  to 620 Hz to 450 H z  at 170 Hz/min and 
2.83 g rms from 1400 H z  to 2000 H z  to 1400 H z  at €00 Hzlmin for 1.0 hr.  
Total composite level = 18.27 ,. rms 
(Zone J-1) 
. a,, 
\ 4 . 5 . .  1 SSME Vibration Criteria Zone J- 1 
- 
5 
This zone includes the  m a h  fuel valve (MFV) actuator neck. Vibration amplitudes 
\ .( a re  a s  follows: 
Transient  shock spectrum-R2: (ccmponent axes)  
X axis  (Q=lOj 120 pulses- 
10 Hz @ 5.0 g peak 
100 Hz @ 60.0 g peak. 
500 Hz @ 80.0 g peak 
2000 Hz @ 170 g peak 
Y axis  (Q=10) 120 pulses 
10 Hz @ 6.0 g peak 
80 Hz @ 75.0 g peak 
1000 Hz @ 75.0 g peak 
20C0 Hz @ 125 g peak 
Z axis  (Q=10) 120 pulses 
10 H z  @ 6.0 g peak 
70 Hz @ 35.0 g peak 
800 Hz @ 40.0 g peak 
2000 Hz @ 180 g peak 
9 Parallel t o  flo:v direction (component X ax i s )  
Steady-state rtmdom vibration amplitudes-R4: 
20 Hz @ 0.02 ( g  r m s ) 2 / ~ z  
20 - 50 Hz @ + l .  33 dB Ioct 
5C Hz @ 0.03 (g r m s ) 2 1 ~ z  
50 - 80 Hz @ +15.73 dB1oct 
80 - 125 Hz @ 0.35 ( g  r m ~ ) ~ , ' ~ z  
125 - 170 Hz @ -14.45 dB1oct 
176 - 620 H z  @ 0.08 ( g  r m ~ ) ~ / ~ z  
620 - 700 Hz @ +28.26 dB Ioct 
100 - 900 Hz @ 0.25 ( g  r m ~ ) ~ / ~ z  
900 - 1280 Hz @ -21.6 dBIoct  
1280 - 1800 Ez @ 0.02 (g  r m ~ ) ~ / ~ z  
1800 - 2000 _Liz @ -13.8 dB10ct 
2090 Hz @ 0 . ~ 1  (g r m s ) 2 / ~ z  
, Random composite reference level = 13.13 g rms  
. 4  
- 5  
f Superimposed s teady-s ta te  sinusoids-R4 : 
(Zone J-1) 
I 
Sinusoidal dwells of 4.0 g rms a t  500 Hz, 3.5 g r n ~ s  a t  600 Hz a n d  0.71 g r m s  at 
2000 Hz for  6.5 h r  
-E Sinusoidal sweeps of 4.0 g rms from 350 Hz t o  620 Hz t o  350 Hz a t  270 Hzlmin a n d  ! 0.71 g rms from 1400 Hz to  2000 Hz t o  1400 Hz a t  600 Hz Imin f o r  1.0 h r  
I 





Perpendicular to flow and perpe~dicular to actuator ;haft direction 
(component Y axis) 
Steady-state random vibration amplitudes-R4: 
Random composite reference level = 10.76 g rms 
Superimposed steady-state sinusoids-R4: 
Sinusoidal dwells of 1.14 g r m s  at 500 H z ,  2.45 g r m s  at 600 H z ,  and 1.1 g r m s  at 
1200 H z  for 6.5  hr 
Sinusoidal sweeps of 2.45 g rms fromi 350 H z  to 620 H z  to 350 H z  at 270 H z l m i n ,  and 
1.1 g r m .  from 900 H z  to 1240 to 900 H z  at 340 H z i m i n  for 1.0 hr. 
Total cornpcsite level = 11.14 g rms 
(Zone J-1) 
(Zone J-1) ' 
Parallel to actuator shaft direction (component Z axis) 
Stesdy-state random vibration amplitudes-R4: 
Total composite level = 13.47 g rms 
(Zone K) 
4 .5 .11  SSME Vibration Criteria Zone K 
This  zone includes the  main oxidizer valve  (MOV). The dynamic environments me 
a s  follows: 
Transient shock spectrum-R2: (component axes) 
X a x i s  (Q=10) 120 ~ u l s e s  
10 Hz @ 2 . 9  g peak 
100 ET @ 35.0 g peak 
600 Hz @ 50.0  g peak 
2000 H z  @ 150 g peak 
10 Hz @ 2 .0  g peak 
100 Hz @ 40.0  g peak 
2000 Hz @ 90.0  g peak 
Z a x i s  (Q=lO) 120 pul ses  
10 H z  @ 1 .0  g peak 
80 Hz Cd 15.0 g peak 
1000 Hz @ 20.0 g peak 
2000 Hz @ 100 g peak 
Parallel to flow direction (component X axis) 
Steady-state random vibration amplitudes-R4: 
Random composite reference level = 22.88 g r m s  
Superimposed steady-state sinusoids-R 4 : 
r- (Zone K) 
t 
Sinusoidal dwells of 1 .6  g rms at 500 Hz, 2 . 3  g rrns at 600 Hz, 3 . 3  g r m s  at 1000 Hz 
and 1 4 . 8  g rrns at 2000 Hz for 6 . 5  hr .  
Si~~usoidai sweeps of 3.3 g rrns from 350 riz to i040 iiz to 350 Hz at 340 Hzlmin, and 
14 .8  g rms from 1400 Hz to 2000 Hz to 1400 Hz at 600 Hzlmin for 1.C hr. 
Total composite level = 27 .59  g rms 
(Zone K) 
Perpendicular to flow and perpendicular to actuator s h d t  direction 
(com~onent Y axis) 
Steady-state random vibration amplitudes-R4 : 
20 - 1?5 Hz @ 0.2 (g r m ~ ) ~ / ~ z  
175 - 200 Hz @ +17.77 dB1oct 
200 - 400 Hz @ 0.44 (g r r n ~ ) ~ / ~ z  
400 - 470 Hz @ -14.72 dB1oct 
470 - 530 Hz @ 0.2 (g r m ~ ) ~ / ~ z  
530 - 590 Hz @ +13.19 dB1oct 
590 - 650 H z  @ 0.32 (g r m s ) 2 / ~ z  
650 - 700 H z  @ +21.99 dB Ioct 
700 - 760 Hz @ 0.55 (g r r n s ) 2 / ~ z  
760 - 780 Hz @ -34.05 dB1oct 
780 - 840 Hz @ 0.41 (g r r n ~ ) ~ / ~ z  
840 - 860 Hz @ -39.97 dB Ioct 
860 - 1050 Hz @ 0.3 (g rms)21~z 
1050 - 1200 Hz @ +16.72 dB Ioct 
1200 - 1350 Hz @ 0.63 (g r m s ) 2 / ~ z  
1350 - 1390 H z  @ +57.45 dB ioct 
1390 - 1490 Hz @ 1.1 (g r m s ) Z / ~ z  
1490 - 1540 H z  @ +39.7 dB loct 
1540 - 1570 H z  @ 1.7 (g r r n ~ ) ~ / ~ z  
1570 - 1640 Hz @ -68.51 dB1oct 
1640 - 1900 Hz @ 0.63 (g r r n ~ ) ~ / t l : .  
1900 - 1940 Hz @ +193.25 uB1oct 
1940 - 2000 Hz @ 2.4 (g r m ~ ) ~ / ~ z  
Random composite reference level = 34.75 g rms 
Superimposed steady-state sinusoids-R 4 : 
Sinusoidal dwells of 2.4 g r m s  at 500 Hz, 4.0 g rms at 600 Hz, 2.7 g rrns at 1000 Hz, 
and 12.3 g rms at 2000 Hz for 6.5 hr.  
Sinusoidal sweeps of 4.0 g rms from 350 H z  to 1040 Hz to 350 H z  at 340 Hz Imin, and 
12.3 g r m s  from 1400 Hz to 2000 H z  to 1400 H z  at 600 Hzlmin for 1.0 hr 
Total composite level = 37.26 g r m s  
I 
(Zone K) 
Perpendicular to actuator shaft direction (component Z axis) 
Steady-state random vibration-R4: 
Random composite reference level = 28.70 g rms 
Superimposed steady-state sinusoids-R 4 : 
Sinusoidal dwells of 3.5 g r m s  at 500 Hz, 4 . 2  g r m s  at 600 Hz, 4.5 g rms at 1000 H z  
and 21.0 g r m s  at 2000 Hz for 6.5 hr.  
Sinusoidal sweeps of 4.5 g rms from 350 H z  to 1040 H z  to 350 H z  at 340 Hzlmin and 
21.0 g r m s  from 1400 H z  to 2000 H z  to 1400 Hz at 600 Hz/min for 1.0 hr. 
Tatal composite level = 36.26 g rms 
4.5.11.1 SSME Vibration Criteria Zone K- 1 
This zone includes the main oxidizer valve (MOV) actuator neck. Vibration 
amplitudes are as follows: 
t 
Transient shock spectrum-R2 : (component axes) 
X axis (Q=10) 120 pulses 
10 H z  La 5.0 g peak 
100 Hz @ 60.0 g peak 
500 Hz @ 80.0 g peak 
2000 Hz @ 170 g peak 
Y axis (Q=10) 120 ~ u l s e s  
. - 
: 
(Zone K-1) J 
/! f.. 
10 Hz @ 6.0 g peak 
80 H z  @ 75.0 g peak 
1000 Hz @ 75.0 g peak 
2000 H z  @ 125 g peak 
Z axis (Q=10) 120 pulses 
--- --- 
10 H z  @ 6.0 g peak 
70 Hz @ 35.0 g peak 
800 Hz @ 40.0 g peak 
2000 H z  @ Id0 g peak 
Parallel t o  valve flow direction (component X axis)  
Steady -s ta te  random vibration amplitud:?-R4 : 
20 Hz @ 0.02 ( g  r m s ) % l ~ z  
20 - 50 Hz @ +l.  33 dB Ioct 
50 Hz @ 0.03 (g r r n ~ ) ~ l ~ z  
50 - 90 Hz @ +12.12 dB1oct 
90 - 100 Hz @ 0.32 (g r r n s ) a l ~ z  
100 - 180 Hz @ - In .12  dB1oct 
180 - 200 Hz @ 0.03 (g r m ~ ) ~ / ~ z  
200 - 220 Hz @ 28.09 dB1oct 
220 - 250 Hz @ 0.073 ( g  r m s ) 2 / ~ z  
250 - 320 Hz @ -10.84 dB1oct 
320 - 370 Hz @ 0.03 ( g  r r r . ~ ) 2 / ~ z  
370 - 400 Hz @ 37.87 dB Ioct 
400 - 509 Hz @ 0.08 (g r m s ) z I ~ z  
500 - 540 Hz @ -42.49 dB Ioct 
540 - 570 Hz @ 0.027 ( g  r m ~ ) ~ l ~ z  
570 - 720 Hz @ +31.86 dB Ioct 
720 - 740 Hz @ 0.32 ( g  r m s ) B l ~ z  
740 - 750 Hz @ -55.36 dB1oct 
750 - 830 Hz @ 0.25 ( g  r m ~ ) ~ / ~ z  
830 - Q50 Hz @ -87.63 dB Ioct 
850 - 880 Hz @ 0.5 ( g  r m s ) 2 / ~ z  
880 - 1100 Hz @ -28.83 dB Ioct 
1100 - 1160 Hz @ 0.059 ( g  r m s ) Z / ~ z  
1160 - 1210 Hz @ +50.64 dB Ioct 
1210 - 1340 Hz @ 0.17 ( g  r m s ) Z / ~ z  
1340 - 1420 Hz @ + l l t  ;3 dB1oct 
1420 - 1450 Hz @ 1.2 ( g  rms)2/Hz 
1450 - 1490 Hz @ -139.51 dB/oct  
1490 - 1900 Hz @ 0.34 (g r m s ) 2 / ~ z  
1900 - 2000 Hz @ +103.99 dB Ioct 
2000 Hz @ 2.0 ( g  r m s ) 2 / ~ z  
/ (Zone K-1) 
Random composite reference level = 22.61 g rrns 
Superimposed steady- s ta te  sinusoids-R 4 : 
Sinusoidal dwells of 8.9 g r m s  a t  500 Hz, 5.5 g rrns a t  600 Hz, 9.5 g r m s  a t  1000 Ilz 
and 28.3 g rms a t  2000 Hz for  6.5 hr .  
Sinusoidal sweeps of 9.5 g rms from 350 Hz to  1040 Hz to  350 Hz a t  340 Hzlmin and  
28.3 g rrns from 1400 Hz to  2000 Hz to  1400 Hz a t  600 Hzlniin for  1.0 h r .  
Total composite level = 38.88 g rms 
(Zone K-1) 
Perpendicular  to valve flow a n d  perpendicular to a c t u a t o r  s h a f t  direction 
(component Y a x i s )  
Steady-s ta te  random vibrat ion amplitude-R4: 
20 Hz @ 0.013 ( g  r m s ) Z / ~ z  
20 - 60 Hz @ +1.18 dB10ct 
60 Hz @ 0.02 (g r m ~ ) ~ / ~ z  
60 - 80 Hz @ +10.00 d B / o c t  
80 - 100 Hz @ 0.052 ( g  r m s ) 2 / ~ z  
100 - 110 Hz @ -9.91 dB1oct 
110 - 200 Hz @ 0.038 ( g  r m s ) 2 / ~ z  
200 - 240 Hz @ +12.29 dB10ct 
240 - 260 Hz @ 0.082 (g r m s ) z / ~ z  
260 - 370 Hz @ -17.74 dB1oct 
370 - 400 Hz @ 0.01 (g r m s ) 2 / ~ z  
400 - 550 Hz @ +7.45 d B  loct  
550 - 570 Hz @ C.022 (g r m s ) 2 l ~ z  
570 - 770 Hz @ -19.30 dB1oct 
770 - 1020 Hz @ 0.0032 (g r m s ) 2 / ~ z  
1020 - 1100 Hz @ +32.62 dB1oct 
1100 - 1140 Hz @ 0.008 ( g  r m s ) Z / ~ z  
1140 - 1160 Hz @ -81.35 dB1oct 
1160 - 1300 Hz @ 0.005 ( g  r m s ) 2 l ~ z  
1300 - 1480 Hz @ +45.17 dB1oct 
1480 - 1740 Hz @ 0.035 ( g  r m e ) 2 / ~ z  
1740 - 1790 Hz @ +121.68 d B ~ o c t  
1790 - 1920 Hz @ 0.11 ( g  r m s ) 2 / ~ z  
1920 - 2000 Hz @ +111.65 d B  /oct  
2000 Hz @ 0.5 ( g  r m ~ ) ~ / ~ z  
Random composite re fe rence  level = 8.43 g rms  
Superimposed s teady-s ta te  sinusoids-R4 : 
- 
Sinusoidal dwells of 1.41 g rms a t  500 Hz,  1.73 g rms at 600 Hz,  0.77 g rms a t  
1000 Hz,  a n d  7.74 g rms a t  2000 Hz f o r  6.5 h r .  
Sinusoidal sweeps  of 1.73 g rms from 350 Hz t o  1040 Hz t o  350 Hz a t  340 Hzlmin a n d  
7.74 g rrns from 1400 Hz t o  2000 Hz t o  1400 Hz a t  600 Hzlmin f o r  1.0 h r .  
_I 
Total  composite level = 11.69 g rms 
(Zone K-1) 
Parallel to actuator shaft direction (component Z axis ) 
Steady-state random vibration amplitude-R4: 
Random composite reference level = 14.45 g rms 
Superimposed steady-state sinusoids-R4 : 
Sinusoidal dwells of 1 . 4 1  g r m s  at 500 H z ,  1 . 4 1  g r m s  at 630 H z ,  5.5 g r m s  at 1000 
H z ,  and 9 .5  g rms at 2000 H z  for 6.5 h r .  
Sinusoidal sweeps of 5.5 g rms from 350 H z  to 1040 H z  to 350 H z  at 340 Hzlmin, 
9.5 g rms from 1400 H z  to 2000 H, to 1400 H z  a t  600 H z  /min for I .  0 h r .  
Tota: composite level = 18.26 g rms 
L?. 4.5.12 SSME Vibration Cri ter ia  Zone L 
b t v  .
,' 
1 .  
T h i s  zone includes  t h e  pneumatic control  assembly (PCA).  T h e  dynamic m v i r o n m e n t s  
a r e  as follows: 
Trans ien t  shock  spectr l~m-R3:  
X-Axis (Q=lO) 120 pu l ses  (eng ine  ax i s )  
10 fIz @ 10.0 g peak  
20 Hz @ 25.0 g peak 
200 Hz @ 25.0 g peak  
350 Hz @ 55.0 g peak  
650 Hz @ 55.0 g peak 
2000 Hz @ 170 g peak  
Y a n d  Z Axes (Q=10) 120 pu l ses  (eng ine  axes )  
10 Hz @ 10.0 g peak  
150 Hz @ 25.0 g peak 
350 Hz @ 25.0 g peak 
900 Hz @ 90.0 g peak  
2000 Hz @ 210 g peak  
Axial direction (eng ine  X axis)  
Steady-s ta te  random vibration amplitudes-R4: 
20 - 250 Hz @ 0.01 (g r m ~ ) ~ / ~ z  
250 - 280 tIz @ +10.77 dB Ioct 
280 - 600 Hz @ 0.015 ( g  r m ~ ) ~ / ~ z  
600 - 690 Hz B +26.13 dB1oct 
890 - 950 Hz @ 0.46 ( g  r r n ~ ) ~ / ~ z  
950 - 1200 Hz @ -7.01 dB/oct  
1200 - 1280 :iz @ 0.267 ( g  r m ~ ) ~ / ~ z  
1280 - 1330 Hz @ +63.31 dB1oct 
1320 - 1390 Hz @ 0.51 ( g  r m s ) 2 ~ ~ z  
1390 - 1450 Hz 8 -46.01 dB1oct 
1450 - 2000 Hz @ 0.267 ( g  rms) 2 / ~ z  
1 Random composite re fe rence  level = 20 14 g rms 
i 
I 




.. .. i Sinusoi.da1 dwells of 3.5 g rms a t  EOO Hz, 2.5 g rnls at 600 Hz a n d  2.5 g rms a t  
: ; 2000 HL for  6.5 h r  
,' t 
Sinusoidal sweeps  of 3.5 g rms from 350 Hz to  620 Hz t o  350 Hz a t  270 Hzlmin and  
2.5 g rrns from 1400 Hz t o  2000 Hz t o  1400 Hz a t  600 tlzlmin f o r  1.0 h r  
Total composite level = 20.74 g rms 
* I 
(Zone L) 
Radial direction (enaine X and Z axis) 
Steady-state random vibration amplitudes-R4: 
Random composite reference love1 = 11.44 g rms 
Superimposed steady-state si~iusoids-R4: 
Sinusoidal dwells of 2.4 g rrr.s at 500 Hz, 0.9 g rms a t  600 H z ,  3 . 4  g rms at 1000 Hz 
and 10.6 g rms at 2000 Hz for 6.5 h r  
Sinusoidal sweeps of 2.4 g rms from 350 Hz to 620 Hz to 350 Hz at 270 Hzlmjn and 
10.6 g rms from 1400 H z  to 2000 H z  to 1400 Hz at  6CG Hzimin for 1.0 hr 
Total composite level = 16.17 g rms 
(Zone M! 
4.5.13 SSME Vibration Criteria Zone M 
This zone includes the chamber cmlant valve (CCV) and coolant cor~trol valve 
actuator neck. The dynamic environments are as follows: 
Transient shock spectrum-I23 : (engine hxe) 
X axis (Q=10) 120 pulses 
25 Hz @ 30.0 g peak 
190 Hz @ 30.0 g peak 
800 H? 6 20.0 g peak 
1000 Hz @ 200 g peak 
2000 Hz @ 250 g  pea^ 
Y - axis(Q=lO) 120 pulses 
25 Hz @ 20.0 g peak 
200 Hz @ 30.0 g peak 
300 Hz @ 85.0 g peak 
800 Hz @ 100 g peak 
1250 Hz @ 260 g peak 
2000 Hz @ 320 g peak 
Z axis (Q=10) 120 pulses 
10 Hz @ 3.0 g peak 
300 Hz @ 110 g peak 
700 Hz e 130 g peak 
1000 Hz @ 230 g peak 
2000 Hz @ 300 g peak 
Axial direction (engine X ax i s )  
Steady-s ta te  random vibration amplitudes-R 4 : 
20 - 60 Hz @ 0.015 (g  r m ~ ) ~ / ~ z  
60 - 80 Hz @ ~ 2 3 . 3 7  dB loct  
80 - 30 Hz @ 0.14 ( g  r m ~ ) ~ / ~ z  
90 - 100 Hz @ -44.98 dB /oct 
100 - 120 llz @ 0.029 (g r m ~ ) ~ / ~ z  
120 - 130 IIz @ +61.8b d S / o c t  
130 - 190 H? @ 0.15 (g r r n ~ ) ~ / ~ z  
190 - 200 Hz @ -+32.28 dB/oct 
30Q - 210 Hz Q 0.26 ( g  rms)LlHz 
210 - ? q O  Hz @ -25.10 dB/oct  
230 - 230 Hz @ 6.09 ( g  r m s ) Z / ~ ~  
250 - 210 Hz @ +66.49 dB loct  
280 - 330 Hz Q 1. i (g rkns)2/fiz 
330 - 370 HZ @ -43.20 dB/oct  
370 - 420 Hz 13 0.19 (g r s n s ) 2 / ~ z  
-:20 - 340 HZ @ +140.65 dl3 !oc,t 
440 - 470 Hz @ 1.67 ' g  rlns)".!/iI:: 
470 - 520 Hz 4 -78.40 d S / o c  I 520 - 790 Hz 3 G (g  r m s j  /Hz 
790 - 820 HZ @ - dB ioct 
820 - 900 Hz O 0.186 (g  r m s j 2 / ~ : :  
900 - 1 O O O  Hz Cd +26.18 dE/oc t  
1000 - 1190 Hz @ 9.15 ( g  rms)2. . Iz  
1490 - 16%; Hz d +16.91 d B  /oct 
1620 - 1810 Hz @ 0.24 (g r m s ) 2 i ~ z  
1810 - 1880 Hz @ + 5 9 . 2 3  dB/oc t  
1880 - 2000 Hz @ 0.5 (g r m s ) z / ~ z  
Random compo~':e refzrence lcvel = 32.19 g rrns 
Superimposed s teady-  s t a t e  s inusoids-h  4 : 
Sinusoidal dwells of 4.56 g rrns a t  600 Hz and 3.17 g rrns at BOO0 Hz f o r  6 .5  h r  a n d  
3.22 g r.11~ at  1150 Hz for  7.5 h r .  
Sinusoidal sweeps af 4.56 g rrns from 450 Hz t o  620 Hz to  450 Hz a t  170 Hz/min ~ n d  
3.17 g rms fror:, 1400 H: to 2000 Hz to  1400 H z  at 600 Hz/min fo r  1.0 h r .  
Total composite level = 23.10 g rms 
Radial direction icnaine Y axis) 
Steady-s ta te  random vibration amplitudes-R4: 
20 - 70 Hz @ 0.05 (g r r n ~ ) ~ / ~ z  
70 - 130 Hz @ +3.83 d B  Ioct 
130 - 150 Hz @ 0.11 (g r m ~ ) ~ / ~ z  
150 - 160 Hz @ -62.18 dB/oc t  
160 - 180 Hz @ 0.029 (g r m s ) 2 1 ~ z  
180 - 200 Hz @ +92.94 dB/oc t  
230 - 220 Hz @ 0.75 (g r r n ~ ) ~ / ~ z  
220 - 250 Hz @ -55.52 dB1oct 
250 - 260 Hz @ 0.071 (g r m s ) 2 / ~ z  
250 - 280 Hz @ +116.03 dB/oc t  
280 Hz @ 0.13 (g r r n ~ ) ~ / ~ z  
280 - 300 Hz @ +86.78 dB1oct 
300 Hz @ 0.95 (g r m s ) Z / ~ z  
300 - 350 Hz @ -38.84 d B  Ioct 
350 Hz @ 0.13 (g r m ~ ) ~ / ~ z  
350 - 390 Hz @ +55.33 dB1oct 
390 Hz @ 0.95 (g r r n ~ ) ~ / ~ z  
390 - 400 Hz @ -219.47 dB/oc t  
400 - 440 Hz @ 0.15 (g r r n ~ ) ~ / f i z  
440 - 450 Hz @ +266.89 d B  Ioct 
450 - 480 Hz @ 1.1 ( g  r m s ) B / ~ z  
480 - 600 Hz @ -21.11 dB/oc t  
600 - 660 Hz @ 0.23 (g r m ~ ) ~ / ~ z  
660 - 690 Hz @ -168.87 dB /oct 
690 - 770 Hz Ca 0.019 (g r r n ~ ) ~ / ~ z  
770 - 840 Hz @ +36.77 dB/oc t  
840 - 960 Hz @ 0.055 (g r r n ~ ) ~ / ~ z  
960 - 1000 Hz @ +95.20 dB /oct 
1000 - 1350 Ilz @ 0.2 (g r r n ~ ) ~ / ~ z  
1250 - 1380 Hz @ -109.37 d B  Ioct 
1380 - 1650 Hz @ 0.09 (g r ~ s ) ~ / ~ z  
1650 - 1860 Hz @ +14.46 dB/oc t  
1860 - 2000 Hz @ 0.16 (g r m ~ ) ~ / ~ z  
(Zone M) 
Random composite re fe rence  level = 19.56 g rms  
?_. 
- .  < 
Superimposed s t e a d y - s t h ~ e  sinusoids-R 4 : 
. . 
I :  Sinusoidal dwells of 3.44 g rms  at 600 Eiz a n d  2.68 g rms a t  2000 Hz f o r  6.5 h r ;  
- I 3.89 g rrns a t  1100 Hz a n d  3.09 g rms  a t  1200 Hz fo r  7.5 h r .  
* 
c - ? :  
'. e Sinuaoidal swseps  of 3.44 g rms  from 450 Hz t o  G L O  Hz t o  450 Hz a t  170 Hz/mi:l a n d  
2.68 g rms from 1400 Hz t o  2000 Hz t o  1400 H z  a t  600 Hz/min fo r  1.0 h r  
Tcta l  composite level  = 20.49 g rms 
Tangential direction (engine 2 axis) 
Steady-state random vibration amplitudes-R 4 : 
z @ 0.018 (g r m ~ ) ~ / ~ z  
z @ +23.50 dB/oct 
z @ 0.17 (g r m ~ ) ~ / H z  
z @ -29.76 dFloct  
z @ 0.06 (g r m ~ ) ~ / ~ z  
z @ +21.75 dB/?t 
z @ 0.' .g r m s )  /Hz 
z @ +27.21 dB /oct 
z @ 0.62 .g r m ~ ) ~ / ~ z  
z @ +104.04 dB/oct 
z @ 3.65 (g r m ~ ) ~ / H z  
z @ -75.18 dB/oct 
z @ 0.13 (g r m ~ ) ~ / ~ z  
z @ +13.95 dB/oct 
z @ 0.26 (g rms)21Hz 
z @ -24.09 dB/oct 
'z @ 0.02 (g r m ~ ) ~ / H z  
'z  @ +85.59 dB /oct 
z @ 0.4 (g r m s ) Z i ~ z  
Iz @ -19.29 dB/oct 
'z @ 0.17 ( g  r m s ) Z / ~ z  
z @ +34.93 dB/oct 
'z  @ 0.33 (g r m ~ ] ~ / H z  
Random composite reference level = 22.63 g rrns 
(Zone M) 
1. 
Superimposed stead-.-state sinusoids-R4 : 
Sinusoidal dwells of 2.85 g rrns at 600 Hz and 6.0 g rrns st 1200 Hz for  6.5 h r .  
Total composite level = 23.58 g rrns 
Sjrlusoidal sweeps of 2.85 g r m s  from 450 dz to  620 Hz to  450 H z  a t  170 Hz/min and 
6.0 g rms from 900 P.- to 1240 Hz t o  900 Hz a t  340 Hz/miri for  1.0 h r .  
% 4.5.14 SSMB Vibration Cr i t e r i a  Zone N 
(Zone N) 
3 .  
T h i s  zone includes  t h e  fuel  p r e b u r n e r  oxidizer  valve  (FPOV). T h e  dyilamic environ- 
. -' + ments a r e  a s  follows: 
6 
Trans ien t  shock  spectrum-R2 : (eng ine  a x e s )  
X a x i s  (Q=10) 120 p u l s e s  
10 Hz @ 2.0 g p e a k  
40 Hz @ 6.0 g r e a k  
2?0 to 1400 Hz @ 120 g peak  
2000 Hz @ 250 g ?eak 
Y a..is(Q=lO) 120 p u l s e s  
10 Hz @ 3.0 g peak  
120 Hz @ 35.0 g peak  
40C Hz @ 100 g peak  
900 Hz @ 40.0 g peak  
2000 Hz 8 75.0 g p e a k  
2 a x i s  (Q=10) 120 p u l s e s  
10 H z  @ 30.0 g peak  
100 Hz @ 60.0 g peak  
2000 Hz @ 300 g peak  
Axial direction (engine X axis) 
Steady-state random vibration amplitudes-R4: 
(Zone H) ' 
/ (' 
Random composite reference level = 21.60 g rrns 
Superimposed steady-state sinusoids-R 4 : 
Sir,~soi<al dwells of 2.4 g rrns at 500 H z ,  6 . 9  g rrns at 600 H z ,  1.6  g rms at 1000 H z  
and 6 . 7  g rrns at 2000 H z  for 6.5 hr.  
Sinusoidal sweeps of 6 , 3  g rrns from 350 H z  to 620 H z  to 350 H z  at 270 H z l m i n  and 
6 . 7  g rms from 1400 H z  to 2000 Hz to 1400 H z  at  600 Hzlmin for 1.0 hr.  
Total composite level - 23.82 g rms 
(Zone N) 
Radial direction (eng ine  Y ax i s )  
Steady-s ta te  random vibration amplitudes-R4: 
20 - 60 Hz @ 0.02 (g  r m s j 2 1 ~ z  
60 - 90 Hz @ +6.80 dBloc t  
90 - 120 Hz @ 0.05 ( g  r m s ) Z / ~ z  
120 - 160 Hz @ +5.55 dB/oc t  
160 - 180 H z  @ 0.085 (g r m s ) 2 / ~ z  
180 - 190 Hz @ -72.'rd dB1oct 
190 - 220 Hz @ 0.023 ( g  r m s ) 2 1 ~ z  
220 - 400 Hz @ +10.63 dB/oc t  
400 - 610 Hz @ 0.19 ( g  r m s ) Z / ~ z  
610 - 640 Hz c3 -54.24 dB/oc t  
640 - 790 fiz @ 0.08 ( g  r n ~ ) ~ l ~ z  
790 - 840 Hz @ +36.97 dB Ioct 
840 - 920 Hz @ 0.17 ( g  r m s ) 2 / 3 z  
920 - 960 Hz @ -73.66 dE1oct 
960 - 1040 dz @ 0.06 ( g  r : ? s ) 2 / ~ z  
1040 - 1120 Hz @ +20.75 d Z / o c t  
1120 - 1200 Hz @ 0.1 ( g  r m ~ ) ~ / ~ z  
1200 - 1330 dz @ -34.28 d B  Ioct 
1330 - 1410 Hz @ 0.031 (g r m s ) 2 / ~ z  
1410 - 1480 Hz @ +78.69 dB/oc t  
1480 - 1650 Hz @ 0.11 ( g  r m s ) 2 1 ~ z  
1650 - 1780 Hz @ +30.97 d B  Ioct 
1780 - 2000 Hz @ 0.24 ( g  r m s ) B l ~ z  
Random composite re fe rence  level  = 15.19 g rrns 
Superiinposed s teady-s ta te  sinusoids-R 4 : 
Sini~soidal  awlls of 2.3 g rrns a t  560 Hz, 6.2 g rrns a t  600 Hz, 1.2 g rms  a t  1000 Hz 
a n d  4.4 g rrns at 2000 Hz fo r  6 .5  hr. 
Sinusoidal sweeps  of 5.2 g rrns from 350 Hz t o  620 Hz t o  350 Hz at 270 Hzlmin a n d  
4.4 g rms from 1400 Hz t o  2000 Hz t o  1400 1-42 a t  600 Hzlmin f o r  1.0 h r .  
Total  composite level  = 17.18 g rrns 
Tangential direction (engine Z axis)  
Steady-state randcm vibration amplitudes-R4: 
20 - 50 Hz @ 0.01 ( g  r m ~ ) ~ l H z  
50 - 60 Hz @ +24.83 dB Ioct 
60 - 70 Hz @ 0.045 ( g  rms)21Hz 
70 - 80 Hz @ -33.91 dB1oct 
80 - 90 Hz @ 0.01 ( g  rms)2/Hz 
90 - 210 Hz @ +5.72 dB Ioct 
210 - 310 Hz @ 0.05 ( g  r m ~ ! ~ l H z  
310 - 320 Hz @ -114.16 dB Ioct 
329 - 370 Hz @ 0.015 ( g  rms)2/Hz 
370 - 430 Hz 8 +51.89 dBloct 
430 - 650 Hz @ 0.2 (g r r n ~ ) ~ i H z  
650 - 700 Hz @ -56.31 dB1oct 
700 - 870 Hz @ 0.05 (g rms)2/Hz 
870 - 980 Hz @ +54.99 dB1oct 
980 - 1120 Hz @ 0.44 ( g  rms)2IHz 
1120 - 1270 HZ @ -52.09 dB10ct 
1270 - 1550 Hz @ 0.05 ( g  r r n ~ ) ~ / H z  
1550 - 1820 Hz @ +38.02 dB Ioct 
1820 - 2000 Hz @ 0.38 ( g  rms)2/Hz 
Random composite re ;  -sence level = 17.56 g r m s  
Superiaposed steady- s ta te  sinusoids-R4 : 
Sinusoidal dwell of 4 .4  g r m s  a t  600 Hz for  6.5 h r .  
,i * , .  
(Zone N) i 
Sinusoidal sweep of 4.4 g r m s  fror 450 Hz to  620 H z  t o  450 Hz ~t 170 Hzlmin !'or 
1.0 h r .  
Tota: composite level = 18.10 g ?rns 
4.5.14 1 SSME Vibration Criteria Zone 14-1 
This zone includes  he fuel preburner oxidizer valve (FPOV) actuator neck. 
Vibration amplitudes are as follows: 
Parallel to valve flow direction (com~onent X axis) 
(Zone N-1) 
Steady--state random vibration a~~plitudes-R4: 
20 Hz @ 0.011 (g  r m ~ ) ~ / ~ z  
20 - 15d H z  @ +2.96 dB Ioct 
150 - 240 Hz @ 0.08 (g  r m s ) z / ~ z  
240 - 325 Hz @ +26.88 dB Ioct 
325 - 375 H z  @ 1.2 (g rms)21~z  
375 - 505 Hz @ -27.39 dB/oct 
505 - 700 H z  @ 0.08 (g  r r n ~ ) ~ / ~ z  
700 - 900 Hz B -3.45 dB1oct 
900 - 2000 H z  Ca 0.06 ( g  r m s ) 2 / ~ z  
Random composite reference level = 16.02 g r m s  
Superimposed steady-state sinusoids-R4 ; 
Sinusoidal dwells of 2.8 g r m s  at 600 Hz, 0.8 g r m s  at 1000 Hz and 4.0 g r m s  at 
2000 Hz for 6. hr. 
Sinusoidal sweeps of 2.8 g r m s  from 450 H z  to 620 H z  to 450 Hz at 170 Hzlmin and 
9.0 g rrns from 1400 H z  to 2000 Hz to 1400 H z  at 600 Hzlmin for 1.0 hr.  
Total composite level = 18.60 g r m s  
(Zone N-1) 
Perpendicular to valve flow and perpendicular to the actuator shaft 
direction (component Y axis) 
Steady-state random vibrational amplitude-R4: 
Random composite reference level = 11.60 g rms 
Superimposed steady-state sinusoids-R4 : 
Sinusoidal dwells of 1.7 g rms at 500 Hz, 6.7 g rms at 600 Hz, 1.1 g r m s  at 1000 
Hz,  and 3.7 g r m s  at 2000 Hz  for 6.5 hr.  
. Sinusoidal sweeps of 6.7 g rms from 350 Hz tc! 1040 H z  to 350 Yz at 340 Hzlmin, and 
3.7 g rn.; frcm 1400 Hz  to 2000 Hz to 1400 H z  at 600 H71min for 1.0 hr .  
Total corngosite level = 14.04 g r m s  
(Zone N-1) <,' 
Parallel to the actuator shaft direction (component Z axis) 
Steady-state random vibration amplitude-R4: 
Random composite reference level = 9.56 g rms 
Superimposed steady-state sinusoids-R4: 
Sinusoidal dwells of 0.7 g r m s  at 500 Hz, 3.9 g rms at  600 Hz, and 2.5 g rms at 
2000 Hz for 6.5 hr  . 
Sinuaoidal sweeps of 3.9 g rms from 350 Hz to 620 H z  to 350 Hz at  270 Hzlmin and 
2.5 g rms from 1400 Hz to 2000 H z  to 1400 H z  at 600 Hzlmin for 1.0 hr.  
Total composite level = 10.65 g r m s  
4.5.15 SSME Vibration Cr i t e r i a  Zone G 
(Zone 0 )  ' 
This  zone includes  t h e  oxidizer  p r e b u r n e r  oxidizer valve (OPOV). T h e  dynamic 
environments are a s  follows : 
Trans ien t  shock  spectrum-R1 : (engine a x e s )  
X , Y a n d  Z axes (Q=10) 120 ~ u l s e s  
25 Hz @ 25.0 g peak  
250 Hz @ 30.0 g peak  
600 Hz 8 80.0 g peak  
1500 Hz 8 90.0 g peak  
2000 Hz @ 190 g p e a k  
Axial direction ( e n h e  X ax i s )  
Steady-s ta te  random vibration amplitudes-R4: 
20 - 50 Hz @ 0.023 ( g  r m ~ ) ~ / H z  
50 - 70 Hz @ +25.55 d B  Ioct 
70 - 90 Hz @ 0.4 ( g  r m ~ ) ~ / H z  
90 - 120 Hz @ -29.88 dB1oct 
120 - 140 Hz @ 0.023 ( g  r m s ) z I ~ z  
140 - 260 Hz @ +12.49 dB1oct 
260 - 320 Hz @ 0.3  (g r m ~ ) ~ / ~ z  
320 - 350 Hz @ -44.4 dBIoct  
350 - 400 Hz C? 0.08 ( g  r m ~ ) ~ / H z  
400 - 430 Hz @ +66.99 dB/oc t  
430 - 570 Hz @ 0.4 ( g  r m ~ ) ~ / H z  
570 - 650 Hz @ -15.89 dB Ioct 
650 - 1230 Hz @ 0.2 (g rms)21Hz 
i230 - 12.10 HZ @ +1R6.17 dB10ct 
1240 - 1300 Hz @ 0.32 ( g  r r n s ) 2 / ~ z  
1300 - 1320 Hz Cd - 38.74 d B  Ioct 
1320 - 2000 Hz @ 0.2 ( g  r m ~ ) ~ / ~ z  
Random composite re fe rence  level  = 20.54 g rms 
Superimposed s teady-s ta te  sinusoids-R4: 
Sinusoidal dwells of 11.3 g rrns a t  500 Hz, 1.4 g rr.s a t  1000 Hz a n d  6.0 g r m s  at 
2000 Hz f o r  6.5 h r .  
Sinusoidal sweeps  of 11.3 g r m s  from 450 Hz t o  620 Hz t o  450 Hz at 170 Hzlmin a n d  
6.0 g rms  from 1400 Hz t o  2000 Hz t o  1400 Hz a t  600 Hzlmin fo r  1.0 h r .  
Total corilposite level  = 24.24 g rms  
Radial direction (engine Y axis) 
Steady-state random vibration amplitudes-R4: 
(Zone 0) f :' 
Random composite reference level = 16.11 g rms I 
Superimposed steady-state sinusoids-R4 : 
1 
Sinusoidai dwells of 11.3 g rms at 500 H z ,  1.3 g rms at 600 Hz, 1.6 g r m s  at 1000 Hz 
and 2.1 g rrns at 2000 Hz for 6.5 hr.  1 
SinusciJal sweeps of 11.3 g rms from 350 Hz to 620 Hz to 350 Hz at 270 Hzlmin and 
2.1 g rrns from 1400 Hz to 2000 H z  to 1400 H z  at 600 Hzlmin for 1.0 hr. 
i 
Total composite level = 19.90 g rms 
I 
Tangential direction (engine Z axis .- j 
Steady-state random vibration amplitudes-R4 : 
Random con~posite reference level = 10.15 g rms 
Superimposed steady-state sinusoids-R4: 
Sinusoidal dwells of 0 .6  g rms at 500 Hz, 1 .3  g rrns at 600 iIz, 1 . 2  g r m s  at  A000 HZ 
and 4.3 g rms at 2000 H z  for 6.5  hr  
Sinur-oidal sweeps of 1.3  g r m s  from 350 Hz to 620 Hz io 350 Hz at 270 hzlmin and 
4 . 3  g rrns from 1400 Hz to 2000 Hz to 1400 Hz at 600 Htlmin for 1.0 hr  
Total composite level = 11.18 g rms 
4.5 .15 .1  SSME Vibration Criteria Zone 0- 1 
This zone i n~ ludes  the oxidlzer preburner oxidizer valve (OPOV) actuator neck. 
Vibration amplitudes E-*e as  follows: 
Transient shock spectrum-R2: (engine axes) 
X axis (Q=10) 120 pulsns 
-
10 H z  @ 1.0  g peak 
250 H z  @ 80.0 g peak 
2000 H z  '? 100 g peak 
Y axis (Q=lO) 120 pulses 
10 H z  @ 1 . 0  g peak 
100 H z  @ 50.0 i;' peak 
2000 H z  @ 106 g peak 
Z axis (Q=10) 120 pdlses 
10 H z  @ 1 . 0  g peak 
100 H z  @ 2 0 . 0  g peak 
2000 Ez U 290 g peaK 
Parallel to the vtlive flow direction (component X "*IS) 
--
Random composite reference level = 16 .01  g rms 
S~iperimposed steady-state sinusoids-F. 4 : 
(Zone 0-1) 
Sinusoidal dwells of 2 .1  g rms at "00 r l z ,  1 . 0  g rmc zt 1OOO F;, 0 . 9  g i.11;". at 1500 
H z  and 9.0 g rms at 2000 H z  foi- 6 . 5  hr .  
Sinusoidal sweeps of 2 . 1  g rms from 450 3 z  to 104:. H z  to 450 H z  at 340 Hzlmin and 
9.0  g m s  from 1059 H z  to 2000 H z  to 1050 H z  at 600 Hzimin ' , 1 .0  iir. 
Total composite le-:el = 18.53 g r m s  
(Zone 0-1) 
Perpendicular to :hz valve flow ant? perpendicular to the actuator shaft 
direction (component Y axis) 
Steady-state random vibration amplitudes-R4: 
Random - rl2osite re l ' e re~ze  let-r' = 10.61 g r m s  
Superim, #,. ?d s twdy-  tat 2 sin.:  i d s - R 4  
Sinusoida! drvells of ' 3 g rrns at 501r H z ,  1.7 g r m s  at 600 Hz, 2.1 g r m s  at 1000 
Hz, and 4.1 g rrns at 2000 Hz for 6.5 hr .  
Sinusoid,tl srveep of 2.1 g rrns from 350 Hz to 1040 to 350 Hz at 340 Hzimin and 
4.1 g rr;-; frorn ,400 H z  to 2000 Hz to 1400 Hz at 600 Hzlmin for 1.0 h r .  
Total composite level := 11-76 g rrns 
Parallel to the actuator shaft direction (con-~~onent  Z axis) 
Stead4 -st ite random vibration amplitudes-R4: 
Random composite reference level = 9.54 g rms 
Superir;,posed steady-state sinusoids-R4 : 
Sinusoidal drvells of 1.0 g rrns at 600 Hz, 1.3 g rrns at 1500 Hz, and 3.8 g r m s  at 
2000 Hz for 6.5 hr .  
Sinlisoidal sweeps of 1.0 g rrns from 450 H z  to 620 H z  to 450 Hz at 170 Hzlmin and 
3.8 g rms from 1050 H z  to 2000 H z  to 1050 Hz r ~ t  600 Hz/min for 1.0 h r  
Tot;ll composite le- el .- 10.40 g rrns 
(Zone P) 
4 . 5 . 1 6  S S M E  Vibration Criteria Zone P 
This zone includes the oxidizer bleed valve (OBV) and the fuel bleed valve ( F B V ) .  
The dynamic environments are a s  follows: 
Transient shock spectrum-R4 : (component axes) 
X axis ( Q - 1 0 )  120 pulses 
20 H z  @ 7 . 0  g peak 
80 H z  @ 3 0 . 0  g peak 
20C H z  @ 4 0 . 0  g p e ~ k  
409 H z  @ 300 g peak 
800 H z  at 150 g peak 
2300 H z  @ 200 g p2ak 
Y axis ( 9 = 1 0 )  120 pulses 
20 H z  @ 3 .0  g peak 
80 H z  @ 20 .0  g peak 
170 H z  @ 120 g peak 
300 H z  @ l?O g peak 
400 H z  @ 200 g peak 
2000 H z  @ 260 g peak 
Z axis (Q=10) 220 pulses 
--
20 f I z  @ 3 . 0  g peak 
100 H z  @ 25 .0  g peak 
350 H Z  @ 200 g pehk 
1000 H z  @ 15C g peak 
2000 H z  @ 200 g peak 
(Zone P) 
Outlet flow axis (com~onent X axis) 
Steady-state random vibration amplitudes-R4 : 
Random composite reference level = 23.33  g r m s  
Superimposed steady-state sinusoids-R 4 : 
Sinusoidal dwells of ZOO H z  at 4.0 g rrns and 2000 H z  at 11.0 g r m s  for 6.5 h r .  
Sinusoidal sweeps of 4.0 g rms from 450 Hz to 620 Hz to 450 H z  at 170 Hz/min and 
11.0 g r m s  from 1400 H z  to 2000 H z  to 1400 H z  at 600 Hz/min for 1.0 hr .  
Tot& composite level = 26.07 g rms 
(Zone P) 
Vertical to actuator axis (component Y axis) 
Steady-state random vibration amplitudes-R4: 
Random composite reference level = 28 .10  g rms 
Superimposed steady-state sinusoids-H4 : 
Sinusoidal dwells of 500 Hz at 2 . 9  g rrns, 600 Hz at 13 .5  g rms, 1500 H z  at 8 . 4  g 
rms aid 263 Hz st 7.25  g r m s  for 6 . 5  hr. 
Sinusoidal sweeps of 1 3 . 5  g rrns from 450 Hz to 620 Hz to 450 Hz at i 7 0  Hzlmin and 
7 . 5  g rfns from 1400 I!z :G 2000 Ez to 140Q I i z  st 600 H?!mir? fgr 1 .n hr. 
Total composite level = 33.22 g rms 
(Zone P) 
Iiadial to actuator axis (component Z axis) 
Steady-state random vibration amplitudes-R4 : 
Random composite reference level = 27.91 g r m s  
Superimposed steady -state sinusoids-R 4 : 
Sinusoidal dwells 01 600 Hz At 11.8 g rms, 1200 Hz at  2.0 g rms, L500 H z  at  6.0 
g rms and 2000 Hz ~t 6.3 g r m s  f ~ r  6.5 h r .  
Sinusoidal sweeps cf 11.8 g r m s  froin 450 X z  t e  $20 H z  to 450 Hz :it 170 Hzlmin and 
6.3 g rms from 1400 H z  to 2000 H z  to 1400 Hz at 600 Hzlmin for 1.0 h r .  
Total  composite level = 31.53 g. r m s  
(Zone P-1) 
4.5.16.1 SSME Vibratic~n Cri ter ia  Zone P- 1 
T n i s  zone includes  t h e  fuel  bleed d u c t  f lex  joint. Vibration amplitudes are a s  
follows : 
Trans ien t  shock spectrum-R4: (component a x e s )  
X a x i s  (Q=10) 120 pu l ses  
10 Hz @ 10.0 g peak  
50 Hz @ 26.0 g peak 
100 Hz @ 40.0 g p e a k  
250 Hz @ 214 g peak  
500 Hz @ 100 g peak  
1000 Hz @ 100 g p e a k  
2000 Hz @ 135 g peak  
Y ax i s  (Q=10) 120 pu l ses  
10 Hz @ 10.0 g peak  
50 H z  @ 30.0 g peak  
100 IIz @ 36.0 g p e a k  
250 tIz @ 210 g peak  
500 Hz @ 90.0 g peak  
1000 H z  @ 180 g p e a k  
2d00 Hz @ 200 g p e a k  
Z ax i s  (Q=10) 120 p u l s e s  
10 Hz @ 6.0 g peak  
50 Hz @ 18.0 g p e a k  
100 H z  Cc 3 b . 0  g peak  
250 Hz @ 148 g peak  
500 H z  @ L3.0 g p e a k  
1'300 Hz @ 240 g peak  
2000 Hz @ 135 g peak  
(Zone P-1) 
Radial direction ( c o m ~ o n e n t  X ax i s )  
Steady-s ta te  random vibration amplitudes-R4: 
20 Hz 3 0.0014 ( g  r r . l s ) 2 / ~ z  
2 0 -  50 Hz @ + 4 . 2 5  dB1oct 
50 - 120 Hz @ 0.0051 ( g  r m s ) Z / ~ z  
120 - 130 Hz @ +6.73 dB1oct 
130 - 140 Hz @ 0.0061 ( g  r m ~ ) ~ / ~ z  
:40 - 170 Hz @ t6 .03  dB1oct 
170 - 310 H;. @ 0.009 ( g  r m s ) 2 / ~ z  
310 - 400 HZ @ '20.45 dB10ci 
400 - 550 Hz @ 0.051 ( g  rms)2/Hz 
550 - 700 Hz @ -20.34 dB Ioct 
700 Hz @ 0.01 ( g  r m s ) 2 / ~ z  
700 - 780 Hz @ +33.92 dB1oct 
780 - 890 Hz @ 0.042 ( g  rms)2/Hz 
890 - 940 Hz @ -46.67 dB Ioct 
9-10 Hz @ 9.018 ( g  r m ~ ) ~ / ~ z  
940 - 1400 Hz @ +8.?1 dB ,'oct 
1400 - 2000 Hz @ 0.057 ( g  r m ~ ) ~ / H z  
Random composite reference level  = 8.59 g rms 
Superimposed s teady-s ta te  sinusoiiis-R4: 
Sinusoidal dwc!ls of 500 Hz a t  1.0 g r m s ,  600 I I z  a t  2.05 g ]?Itis; a n d  2iiuu H Z  at 
3.56 g rr rs  for  6 .5  h r .  
'?ir,~:soidn! S\VPE?@ nf 2 05 g L.:TI~ f r c m  35!! 37 f ~ !  C?3 1'7 tii 359 H z  - i t  271; i i - / n ~ i ~ i  ~ , , d  
3.56 g r r i s ,  from 1400 Hz to 2000 Hz t o  1400 Hz a t  600 Hzlmin fo r  1 .0  h r .  
Total cor ,~posi te  level = 9.57 g rms  
Axial  d i r e c t i o n  ( componen t  Y a x i s )  -
S t e a d y - s t a t e  r andom v i b r a t i o n  ampl i tudes-R4:  
20 H z  @ 0.00!.7 ( g  r n i s ) P l ~ z  
20 - 50 Hz @ +4.21; d B  Ioc t  
50 - 60 Hz  @ O.CO62 (g rms) 2 / t i z  
60 - 80 Hz ' 3 -6 .92  dB10ct  
30 - 90 Hz @ 0.0032 ( g  r m s ) 2 / ~ z  
90 - 130 Hz @ +17.76 dB1oc t  
130 - 180 Hz @ 0.028 ( g  r m ~ ) ~ / ~ z  
180 - 210 HZ @ -36.14 d B / o c t  
210 - 250 Hz @ 0.0044 ( g  r m ~ ) ~ l ~ z  
250 - 260 Hz @ +58.26 d B  Ioct 
260 - 300 Hz @ 0.0094 (g r r n ~ ) ~ / ~ z  
300 - 350 IYz @ -22.30 d B / o c t  
350 - 370 Hz @ 0.003 (g r m ~ ) ~ / ~ z  
370 - 400 Hz @ +64.64 d B  Ioct  
400 - 690 Hz @ 0.016 ( g  r m ~ ) ~ / ~ z  
690 - 720 Hz @ +113.84 d B  Ioct  
720 - 740 Hz @ 0.08  ( g  r t n ~ ) ~ / ~ z  
740 - 760 HZ @ -72.74 dllloct 
760 - 860 Hz @ 0.042 ( g  r r n ~ ) ~ / i - ~ z  
860 - 880 i4z @ +171.63 d B / o c t  
880 - 910 Hz @ 0.284 ( g  r m s ) Z / ~ z  
910 - 990 Hz @ +18.00 d B / o c t  
990 - 1010 Hz @ 0.47 ( g  r m ~ ) ~ / ~ z  
1010 - 1070 HZ @ -86 .22  d B i o c t  
1070 - 1100 Hz @ 0 .09  ( g  r m ~ ) ~ / ~ z  
1100 - 1380 HZ @ -10.44 dB10ct 
1339 - l ; ~ ?  fi, 2 3.541 ;g I. i i ,sjq~z 
1490 - 1510 HZ @ -227.02 d B  10ct 
1510 Hz @ 0.015 ( g  r m s ) Z / ~ z  
1510 - 1700 Hz @ +28.46 d B / o c t  
1700 - 2000 Hz @ 0.046 ( g  r m s ) 2 / ~ z  
Random comps i t e  r e f e r e n c e  l eve l  = 11.21 g rms 
S u p e r i m p o s e d  s t e a d y - s t a t e  s i nuso ids -R4  : 
Sinuso ida l  dwel l s  o f  500 Hz a t  0 . 8  g rms, 600 Hz at 1.76 g rms, 1200 Hz at 1.76 
g rms a n d  2000 Hz a t  0 . 8  g rms f o r  6 . 5  h r .  
S inuso ida l  s w e e p s  of 1 .76 g r m s  f rom 35C I lz  to 620 Hz t o  350 Hz a t  270 Hzlmin  and 
0 . 1  g rms from 1400 Hz t o  2000 Hz  t o  1400 Hz at 600 Hzlmin  f o r  1 .0  hr .  
To ta l  compos i te  l eve l  = 11.54 g rms 
( Z o n e  P-1) 
" angen t i a l  d i r e c t i o n  ( componen t  Z a x i s )  
S t e a d y - s t a t e  r andom v i b r a t i o n  ampl i tudes-R4 : 
20 Hz @ 0.002 (g r m ~ ) ~ / H z  
20 - 50 Hz @ +3.01  d B  /act 
50 -. 90 Hz @ 0.005 (g r r n ~ ) ~ / ~ z  
0 - 110 Hz @ +14.33 d B / o c t  
110 -- 140 Hz @ C.013 (g  ~ - ~ n s ) ~ / H z  
l4G - 150 Hz @ '89.02 d B / o c t  
1-50 Hz @ J. 1 (g r m s ) 2 / ~ z  
150 - 170 Hz @ -49 .07  d B / o c t  
170 - 190 Hz C 0.023 (g r m ~ ) ~ / H z  
190 - Z O O  Hz Cd -56 .08  d B / o c t  
200 - 230 Hz @ 0.005 (g r m ~ ) ~ / ~ z  
230 - 240 Hz @ +90.60 d B / o c t  
240 - 300 Hz @ 0.018 (g r m ~ ) ~ / ~ z  
300 - 370 Hz @ t 1 7 . 2 8  d B / o c t  
370 - 410 Hz @ 0.06 (g  r m ~ ) ~ / ~ z  
410 - 420 Hz  @ -86.59 d B  /oc t  
420 - 490 k z @ 0.03  (g r r n ~ ) ~ / ~ z  
490 - 520 I ~ z  @ -31.84 d B  / O C ~  
520 - 540 ' I z  @ 0.016 (g r m s ) 2 / H z  
540 - 610 J z  @ +38.15 d B  Ioct  
610 - 790 Hz @ 0.075 (g r m ~ ) ~ / ~ z  
790 - 840 HZ @ -15.21 d B / o c t  
940 - 970 Hz  @ 0.055 ( g  r n ~ s ) ~ / H z  
970 - 106C Hz @ -34.32 d B  Ioct  
1060 - 1 2 3 )  Hz @ 0.02  ( g  r r n ~ ) ~ l ~ z  
12211 - 1 2 4  1 H z  @ -53.21: d B  /cct 
1240 - 1450 Hz @ 0.015 (g r m s ) Z / ~ z  
1450 - 15t:O Hz @ +77.G1 d B / o c t  
1540 - 16J0  Hz @ 0.07 ( q  r r n ~ ) ~ / ~ z  
1600 - 1690 Hz  @ -23.10 d B / o c t  
1690 - 2C00 Hz @ 0.046 (g r m s )  2 / ~ z  
Random compos i te  r e f e r z n c e  l eve l  = 8.69 g rrns 
S u p e r i m p o s e d  s t e a d y - s t a t e  s i nuso ids -R  4 : 
Sinuso ida l  dwel l s  o f  503 Hz at 0 .8  g r m s ,  600 Hz a t  1 .77 g r m s ,  1000 Hz at 1 . 2  
g r m s  and 2000 Hz a t  1 .12  g rrns f o ~  6.5 h r .  
S inuso ida l  s w e e p s  of  1 .77  g r m s  from 350 H z  t o  620 Hz t o  350 Hz a t  270 Hz/min  a n d  
1.12 g r m s  f rom 1400 Hz to 2000 Hz  t o  1400 Hz at 600 Hz/min  f o r  1 .0  h r .  
To ta l  compos i te  l eve l  = 9.05 g r m s  
4.5.17 SSME Vibration Criteria Zone Q 
This zone includes the vehicle attach points for customer connect lines. Vibration 
amplitudes are as follows: 
Transient vibration amplitudes-R 1 : 
X ,  Y and Z axes (engine axes) 
5 to 13 Hz @ 0.38 in. DA 
13 -- 54 Hz @ 3.3 g peak 
54 - 140 H z  @ 0.022 in. DA 
140 - 2000 Hz  @ 22.0 g peak 
Flight direction (engine X axis) 
Steady-state random vibration amplitudes-R2: 
Total composite level = 23.0 g r m s  
Lateral di rect ini l - - f (ar ,e  Y %PC! Z esis! 
-- -- - - -  -- 
Steady-state randon? vibration amplitudes-R2: 
Total composite level = 22.82 g rms 
(Zone R )  
4.5.18 SSME Vibration Cr i t e r i a  Zone R 
T h i s  zone inc ludes  t h e  p r e s s u r e  s e n s o r .  Vibrat ion ampl i tudes  a r e  a s  follows: 
T r a n s i e n t  shock  spectrum-R 2: 
X ,  Y a n d  Z a x e s  ( eng ine  a x e s )  
10 Hz @ 20.0 g p e a k  
20 Hz @ 80.0 g p e a k  
36 Hz @ 80.0 g pe, tk 
44 Hz @ 120 g pe:.k 
170 Hz @ 120 g p a a k  
315 Hz @ 400 g freak 
2000 Hz @ 400 g p e a k  
X ,  Y a n d  Z a x e s  ( e n g i n e  a x e s )  
Steady-stat( :  random vibra t ion  amplitudes-R4: 
20 - 80 Hz 3 0.1  ( g  rms)21Hz 
8 0 -  9 0 H z  @ + 6 . 7 d B I o c t  
90 - 120 Hz @ 0.1'J ( g  r m ~ ) ~ i ~ z  
120 - 130 Hz @ +42.26 dJ3loct 
130 - 150 Hi, @ 0.4 ( g  r r n ~ ) ~ l ~ z  
150 - 160 H <  @ -42.74 d B l o c t  
160 - 170 Hz @ 0.16 ( g  r m ~ ) ~ l H z  
1';~ - 180 ! L 3 4.55.61 ~s,,,: 
180 - 200 IIz @ 0.46 ( g  r m ~ ) ~ / ~ z  
200 - 210 JIz @ -51.39 dB1oct 
210 - 220 iiz @ 0.2 ( g  r m ~ ) ~ / ~ z  
220 - 380 Hz @ +7.83 d B  Ioct 
380 - 420 Hz @ 0.83 (g rms)  2 1 ~ z  
420 - 440 Hz @ -21.0 dB1oct 
440 - 720 Hz @ 0.6 ( .. r m ~ ) ~ l ~ z  
720 - 820 Hz @ +11.82 d B / o c t  
820 - 1020 Hz @ 1.0 ( g  r m ~ ) ~ l ~ z  
1020 - 106C Hz @ +112.3 dB1oct 
1060 - 112(r Hz @ 4.2 (g r m ~ ) ~ l ~ z  
1120 - 1150 Hz @ -84.5 d B  Ioct 
1150 - 11711 Hz @ 2.0 ( g  r m ~ ) ~ l ~ z  
1170 - 1240 Hz @ +83.37 dB1oct 
1240 - 1290 Hz @ 10.0 (g r m ~ ) ~ l ~ z  
1290 - 1310 Hz 4 -135.63 dB1oct 
1310 - 1320 Hz '1 5.0 ( g  r r n ~ ) ~ / H z  
1330 - 1340 Hz ( 2  +73.27 d B / o c t  
1340 - 1430 Hz 13 6.0 (g r r n ~ ) ~ / ~ z  
1430 - 1530 Hz 13 -48.93 d B  Ioct  
(Zone R )  
1530 - 1560 Hz @ 2.0 ( g  r m ~ ) ~ / ~ z  
1560 - 1630 Hz @ +62.83 dB l o  t P 1630 - 1750 Hz @ 5.0 ( g  rms)  /Hz 
1750 - 1770 Hz 0 -256.32 dB/oct  
1770 - 1920 Hz @ 1.9 ( g  r m ~ ) ~ / ~ z  
1920 - 1960 Hz @ +227.07 dB /oct 
1960 - 2000 Hz @ 9.0 ( g  r m ~ ) ~ / ~ z  
Randorr, composite re fe rence  level  = ?0.115 g rrns 
Superimposed s teady-s ta te  sinusoids-R4 : 
Sinusoidal dwells of 1.9 g r m s  a t  270 Hz,  9.14 g rrns at 500 Hz, 9.0 q rrns a t  600 Hz ,  
10.2 g rrns a t  1000 Hz, 9.6 g rms  a t  1620 H z ,  a n d  1 9 , 6  g rms at 2000 Hz f o r  6.5 h r .  
Shiusoidal sweeps  of 1.9 g rrns from 200 Hz t o  270 Hz to 200 Hz a t  70 Hzlmin,  and  
19.6 g rms from 350 Hz t o  2000 Hz t o  350 Hz a t  600 Hz/min fo r  1.0 hr. 
Total composite level  = 75.30 g rrns 
(Zone S) 
4.5.19 SSME Vibration --. C r i t e r i ~  Zone S 
This zone includes the anti-flood valve (AF' T:'lbration amplitudcs a re  as  follows : 
Transient shock spectrum . i t 2  : ( C O ~ ~ C Z G ~ I ~  axes) 
X axis (Q=!l)) 120 pulses 
--- -. 
20 I-Iz @ 10.0 g peak 
i25 H z  @ 200 g peak 
250 H z  f! 1050 g peak 
400 H z  @ 450 g peak 
2000 H z  !d 3000 (?; peak 
20 i-Iz cd 10.0 g peak 
125 H z  @ 130 g peal< 
250 Hz @ GO0 g peak 
400 FIz Cd 600 g; peak 
600 H z  @ 350 g peak 
2000 H z  @ 1503 g peak 
Z axis (Q=lli) 120 pulses 
--- 
20 I-Iz @ 10.0 g peak 
125 H z  @ 80.0 g peak 
250 H z  @ 700 g peak 
80C H z  @ 200 g peak 
1500 H z  Q 650 g peak 
2000 H z  @ 650 g peak 
X axis (component axis) -
Steady-state rt;i:.':;w vibration amplitudes--R4: 
Random composite reference level = 38.50 g rrns 
Superimposed steady-state sinusoids-R 4 : 
Skusoidal dwells of 11.5 g r m s  at 500 Hz, 4.5 g rms at 600, 5.7 g rrns at 1000 Hz, 
and X0.3 g rms at  2000 H z  for 6.5 nr .  
Sinusoidal sweeps of 11.5 g rms from 350 Hz to 500 H z  to 350 Hz at 150 Hz/min ~ n d  
10.3 g r m s  from 1400 H z  to 2000 H z  to 1400 Hz at 600 Hzlmin for 1.0 hr. 
Total composite level = 42.11 g rms 
(Zone S) 
Y axis (com~onent  axis)  
Steady-state random vibration amplitudes-R4 : 
Random composite reference lev21 = 46.75 g rms 
Superimposesl steady-state sinusoids-R-l: 
Sinusoidal dwells of 7.4 g rms at 500 H z .  6.0 g rrns at 600 H z .  8 . 4  g rrns at 1000 
H z ,  4 .6  g rms at 1500 H z  and 60.3 g rrns at 2000 H z  for 6 .5  hr. 
Sinusoidal sweeps of 8 .4  g rrns from 350 H z  to 1040 H z  to 350 H z  at 340 Hzlmin and 
60.5 g rms from 1400 H z  to 2000 H z  to 1300 H z  at 600 Hz/min for 1.0 hr. 
Total composite level := $ 7 . 7 2  g rms 
(Zone S) 
Z axis (component axis)  
Steady-state random vibration amplitudes-R4: 
Randoa coinpo-iite reference level = 5 0 . 2 2  g rms 
Superimposed steady-state sinusoids-R-l : 
Sinusoidal dwells of 7 . 1  g rms at 500 Hz. 4 . 7  g rms at 600 Hz and 42 .3  g rms at 
'2000 ;!z for 6 .5  ! ~ r .  
Sinusoidal sweeps of 7 .1  g rms from 350 Hz to 620 Hz to 350 Hz at 270 Hzlmin and 
4 2 . 3  g rnls at 140C Hz tc 2000 Hz to 1300 H z  a t  600 Hzlmin for 1.0 hr .  
Total con!$osite ievel = 66.21 g rms 
(Zone T )  
! 4.5.20 -- SSJlE - Vibration Criteria Zone T 
This  zone includes the  check valve. Vibration amplitude-- a r e  as  follows: 
Transient shock spectrum-R 2: (engine axes) 
S ,  Y and  Z axes  (Q=lC) 120 pulses 
-- 
10 Hz Cd 1.0 g peak 
30 Hz @ 40.0 g peak 
800 Hz C? 60.0 g peak 
200'3 Hz (3 200 g peak 
S ,  Y .  and  
-- 
Z axes 
Stead!--state random vibration amplitudes-R4: 
20 - 175 Hz @ 0.09 ( g  r m ~ ) ~ / ~ z  
175 - '730 Hz @ +4.0 dB ioct 
970 - 
MU 310 Hz @ 0.13 ( g  r m s ) ? / ~ z  
310 - 400 Hz 4 -18.0 dB/oct 
400 - 1500 Hz Q 0.6 (g r m ~ ) ~ ! ' ~ z  
1500 - 1750 Hz @ t21.4 dB!'oct 
1750 - 2000 H z  @ 1.8 (g r m s ) P / ~ z  
Random composite reference level = 38.0 g r m s  
Superimposed steady- s ta te  sinusoids-R 4 : 
Sinusoidal dwells of 8.0 g r m s  at  500 Hz, 8.5 g r m s  at  600 Hz, 3.0 g r m s  a t  1000 
Hz. 5.1 g rms a t  1200 Hz. a n d  5.5 g rrns a t  2000 Hz for 6.5 h r .  
Sinusoidal sweeps of 8.5 g r m s  iroirl 350 Hz to 620 Hz to 350 Hz a t  270 Hzlmin and 
5.5 g r m s  from 700 Hz to 2000 Hz t o  700 Hz a t  600 Hzlmin for 1.0 h r .  
Total composite level - 40.56 g rrns 
(Zone U) 
4.5.21 SSME Vibrti tion - Criteria Zone U 
.r This zone includes the POGO accumulator and recirculation isolation valve (RIV). 
Vibration amplitudes are as  follows: 
Transient shock spectrum-R 2 : (component axes) 
X ,  Y s".d Z axes (Q=10) 120 pulses. 
- -.- 
2 '  Hz @ 10.0 g peak 
I[.d Hz @ 90.0 g peak 
302 H z  @ 80.0 g peak 
1D::'O Hz @ 1000 g peak 
20ii0 H z  8 1000 g peak 
X axis (cn.  ponent axis) 
-- -.--..- 
Ste iJy-sta I? random vibration an;p!itades-R 4 : 
20 - 30 Hz @ 0 . 0 2  (g r m s 1 2 / ~ z  $0 - 94 Hz @ +4.73 dB ioct 
34 - 120 Hz @ 0.12 (g r m s ) ~ / ~ z  
120 - 150 Hz @ -11.81 dBioc6 
150 - 580 Hz 4 C.05 (g  rms)-:Hz 
580 -- ti20 H Z  @ +46.48 dBioet 
6 2 ~  - G60 Hz @ 0.14 ( g  rrns)?/Hz 
660 - 700 HZ Ca -35.36 dB ioc; 
TOO - 820 H z  @ 0.07 ( g  rms)-iHz 
82C - 940 Hz @ +23.14 ?B/oct 
940 - 1250 Hz @ 0.2 (g rms)2,'flz 
1250 - i.3,10 Hz @ +49.68 d B  Ioct 
1340 - 3450 Hz @ '.b3 (g r m s ) 2 / ~ z  
1450 - ;5C!O Hz @ -40.34 dB!o$: 
1500 - 1750 Hz Cd 0.4 (g rms)-/Hz 
! 730 - 1800 Hz @ -27.07 dB /act 
16q0 - 'ii?OO Hz @ 0.28 (g  r m s 1 2 i ~ z  
'i Random composite refert nce level = 20.74 g rms 
i Superimposed steady-stete sinusoil's- 134 : 3 Sinusoidal dwells of 9.4 g :ms ' 500 Hz, 1.3 g rrns at 600 H z .  2.8 g rms at 1000 Hz 
and 15.9 g r m s  at 2000 H z  f 6.5 hr .  
- . 
Sinusoidal sweeps of 9.4 g rrns from 350 Hz to 620 Hz to 350 Hz at 270 Hzlmin and 
15.9 g r m s  from 1400 "z to 2000 Vz to 1400 Hz at 600 Hzlmin for 1.0 hr. 
-.  
- Total composite let . = 27.94 g r m s  
(Zone U) 
Y axis (component axis) 
Steady-state random vibration amplitudes-R4: 
Random composite reference level = 19.50 g rrns 
Superimposed steady-state sinusoids-R4 : 
Sinusoidal dwells of 5.9 g rrns at 500 H z ,  3.4 g r m s  at 1000 Hz and 17.0 g r m s  at 
2000 H z  for 6.5 hr. 
Sinusoidal sweeps of 5.9 g rrns from 350 Hz to 620 Hz to 350 Hz at  270 Hz/min and 
17.0 g r m s  from 1400 H z  to 2000 Hz to 1400 Hz at 600 Hzlmin for 1.0 hr.  
Total composite level = 26.82 g rms 
(Zone U )  
Z ax is  (comnonent axis) 
Steady-state random vibration amplitudes-R4: 
20 - 30 Hz 0 0.03 (g r m ~ ) ~ / ~ z  
30 - 150 Hz @ +2.25 d B  Ioct 
150 Hz B 0.1 (g r m ~ ) ~ / ~ z  
150 - 390 Hz @ +6.67 dBloct  
390 - 420 Hz @ 0.83 (g r m s ) a l ~ z  
420 - 480 Hz @ -22.94 dB10ct 
480 - 600 Hz @ 0.3 (g r m ~ ) ~ / ~ z  
600 - 840 Hz @ +lo. 77 dB/oc t  
840 - 1240 Hz @ 1.0 (g rms)2IHz 
1240 - 1350 Hz @ +63.46 dB/oct 
1350 - 1430 Hz @ 6.0 (g r m ~ ) ~ / ~ z  
1430 - 1470 Hz @ -119.88 dB ioct 
1470 - 1580 Hz @ 2.0 (g r m ~ ) ~ / ~ z  
1580 - 1650 Hz @ +63.63 dB Ioct 
1650 - 1750 Hz @ 5.0 (g r m s ) B / ~ z  
1750 - 1800 HZ @ -171.98 dB Ioct 
;SO0 - 2000 Hz @ 1.0 (g r m ~ ) ~ / H z  
Random composite reference level = 54.31 g r m s  
Superimposed steady-state sinusoids-R4 : 
Sinusoidal dwells of 3.2 g rms  a t  500 Hz, 3.2 g rms a t  600 Hz, 10.2 g rms  a t  1000 
Hz and  19.6 g rms a t  2000 Hz for  6.5 h r .  
Sinusoidal sweeps of 3.2 g r m s  from 350 Hz to  620 Hz to 350 Hz a t  270 Hzlmin and  
19.6 g r m s  from 1400 Hz t o  2000 Hz to  1400 Hz a t  600 Hzlmin for  2.0 h r .  
Total composite level = 58.81 g r m s  
(Zone U-1) 
4.5.21.1 SSME Vi'dration Cr i t e r i a  Zone U- 1 
This  zone includes  t h e  heliuin p r e c h a r g e  assembly (HPA) a n d  gaseous  oxygen  control  
assembly (GCA, . V i b r 2 t i ~ i l  amplitudes a r e  a s  follows: 
X a x i s  (cxnponent  axis)  
S t e a d y - s t a ; ~  random vibration amplitudes-R4: 
20 - 160 Hz 8 0.3 (g r m ~ ) ~ l ~ z  
160 5 2 0 H z @ - 2 . 5 6 d B l o c t  
52G - 690 Hz @ 0.11 (g r m s ) 2 / ~ z  
690 - 703 Hz @ +50.45 dB Ioct 
700 - 730 Hz @ 0.14 (g r m ~ ) ~ / ~ z  
730 - 740 Hz @ -123.82 d B  /oct 
740 - 810 Hz @ 0.08 (g r m ~ ) ~ l ~ z  
810 - 830 Hz @ +185.63 d B  Ioct 
830 - 1040 Hz @ 0.36 (g r m ~ ) ~ / ~ z  
1040 - 1050 Hz @ -218.05 dB1oct 
1050 - 1110 Hz @ 0.18 (g r m ~ ) ~ / ~ z  
1110 - 1160 Hz @ +91.81 dB/oc t  
1160 - 1190 Hz @ 0.69 (g ~ ~ s ) ~ / H z  
1190 - 1260 Hz @ -55.62 dB/oc t  
1260 - 1320 Hz @ 0.24 ( g  ~ ~ s ) ~ / H z  
1320 - 1440 Hz @ +132.33 dB Ioct 
1440 - 1490 Hz @ 11.00 (g r r n ~ ) ~ / ~ z  
1490 - 1510 Hz @ -295.61 dB1oct 
1510 - 1550 Hz @ 2.97 (g r m ~ ) ~ / ~ z  
1550 - 1600 Hz @ +91.92 dB1oct 
1600 - 1660 Hz @ 7.83 (g r m s ) 2 / ~ z  
1660 - 2000 Hz @ -26.91 dl3 Ioct 
2000 Hz @ 1.48 (g r m s ) Z / ~ z  
Random composite re fe rence  level  = 58.59 g rms 
Superimposed s teady-s ta te  sinusoids-R4 : 
Sinusoidal dwells of 3.7 g rms at 500 Hz, 1.34 g r m s  a t  600 Hz,  15.5 g rms a t  1000 
Hz and  ?' . 0  g rms a t  2000 Hz f o r  6.5 h r .  
S i n u s ~ ~ r t a l  s - Teps of 3.7 g rms from 350 Hz t o  620 Hz t o  350 Hz at 270 Hzlmin a n d  
28.0 g rms 7 .  am 1400 Hz t o  2000 Hz t o  1400 Hz at 600 Hzlmin fo r  1.0 h r .  


























































































































































































































(Zone U- 1) 
Z ax i s  (component axis)  
- 
Steady-s ta te  random vibration amplitudes-R4: 
23 - 130 d z  @ 0.1 ( g  ~ ~ S ) ~ / H Z  
130 - 320 Hz @ -1.82 dB Ioct 
320 -- 390 Hz @ 0.058 ( g  r r n s ) B l ~ z  
390 - 430 Hz @ +16.79 d B  Ioct 
430 - 480 Hz @ 0 . 1  (g  r m ~ ) ~ / ~ z  
480 - 500 H Z  @ -16.46 d B i ~ c t  
500 - 630 Hz @ 0.08 ( g  r m s ) z / ~ z  
630 - t90 Hz @ +7.38 dB Ioct 
690 - 780 Hz @ 0.1 ( g  r m ~ ) ~ i ~ z  
780 - 820 Hz @ +90.54 dB/oc t  
820 - 860 Hz @ 0.45 ( g  r m s ) Z / ~ z  
860 - 890 Hz @ +29.54 dB Ioct 
890 - 960 Hz @ 0.63 ( g  rms)21Hz 
960 - 990 Hz @ -90.42 dB /oct 
990 Hz @ 0.25 ( g  . - ~ S ) ~ / H Z  
990 - 1190 Hz @ +23.00 dB1oct 
1190 - 1330 Hz @ 1.02 ( g  r r n ~ ) ~ i h z  
1330 - 1350 Hz @ +578.95 dB/oc t  
1350 Hz @ 18.0 ( g  rms)2/Hz 
1350 - 1380 Hz @ -393.16 dB /oct 
1380 - 1450 Hz @ 1.02 (g  r r n s ) X / ~ z  
1450 - 1460 Hz @ +387.37 d B  Ioct 
1460 - 1470 Hz @ 2.47 ( g  r m ~ ) ~ / H z  
1470 - 1510 Hz @ -99.17 dB /oct 
1510 - 2000 Hz @ 1.02 ( g  r m ~ ) ~ / ~ z  
Random composite r e f e r e a c e  level  = 37.35 g rms  
. Superimposed s teady-s ta te  sinusoids-R 4 : 
k 
Sinusoidal dwells of 4.1 g r m s  a t  523 Hz,  2.6 g rms at  600 Hz, 19.8 g rms a t  1000 
Hz a n d  34.3 g r m s  a t  2000 Hz fo r  6.5 h r .  
Sinusoidal sweeps  of 4.1 g rms  from 350 Hz t o  620 Hz t o  350 Hz a t  270 Hz/min a n d  
34.3 g rms  from 1400 Hz t o  2000 Hz to  1400 Hz a t  600 Hzimin f o r  1 .0  h r .  
Total composite level = 54.66 g rms. 
(Zone V) 
SSME Vibration Cr i t e r i a  Zone V (Sensors )  
Th is  zone includes  t h e  t u r b i n e  t empera tu re  sensors .  Vibration amplitudes a r e  as 
? 
i ~ O ~ ~ O W S  : 
T r a n s d u c e r  T y p e  X-I 
Trans ien t  shock  spectrum-R4: -- (engine a x e s )  
(combined zones G a n d  I )  
10 Hz @ 6.0 g peak  
30 Hz @ 28.0 g peak 
60 Hz @ 53.0 g peak 
220 Hz @ 104 g peak  
320 Hz @ 200 g peak  
950 Hz @ 157 g peak  
1250 Hz @ 280 g peak  
1450 Hz @ 230 g peak 
2000 Hz @ 340 g peak 
Steady-s ta te  random vibration amplitudes-R4 : 
20 - 160 Hz @ 0.03 ( g  r m ~ ) ~ / ~ z  
160 - 200 Hz @ +25.59 d B  /oct 
200 - 850 Hz @ 0.2 (g rms)  / H Z  
850 - 950 1Iz 8 +36.83 d B  /oct 
950 - 1120 Hz Cd 0.78 (g rrns)2/Hz 
1120 - 1240 Hz @ +75.45 dB/oc t  
1240 - 1300 Hz @ 10.0 ( g  r m s ) S / ~ z  
1300 - 1340 Hz @ -126.45 dB/oc t  
1340 - 1380 Hz @ 2.8  (g r m s ) % / ~ z  
1380 - 1410 Hz @ +86.65 dB/oc t  
1410 - 1450 Hz @ 5.2 (g r r n ~ ) ~ / H z  
1450 - 1605 HZ @ -46.04 dB/oc l  
1605 - 1710 1-12 @ 1.1 (g  r m ~ ) ~ / H z  
1710 - 1870 Hz @ +10.44 dB10 t 5 1870 - 1930 Hz @ 1 . 5  (g rms)  /Hz 
1930 - 1985 HZ @ -33.23 dB/oc t  
1985 - 2000 Hz @ 1.1 (g  rrns)Z/Hz 
Ral~dom composite reference level = 54.05 g rms 
Superimposed s teady-s ta te  sinusoids-R4: 
Sinusoidal dwells of 1 .1  g r m s  a t  250 Hz, 7.3 g rms a t  500 Hz,  9.0 g rms at 600 H z ,  
4.4 g rms a t  1000 Hz, 5 .1  g rms a t  1200 Hz a n d  10.5 g rms a t  2000 Hz f o r  6 .5  h r .  
(Zone V) 
Sinusclidal sweeps  of 9.0 g rrns from 200 Hz t o  1240 Hz t o  200 17.1 a t  340 Hzlmin and  
10.5 g rlns irom 1400 Hz to  2000 Hz t o  1400 Hz a t  600 Hzlmin f( 1 .0  h r .  
Total composite level = 56. G8 g rms 
T r a n s d u c e r  T y p e  - X-2 
Trans ien t  shock  spectrum-R4 : (eng ine  a x e s )  
X, Y a n d  Z a x e s  (Q=10) 120 pu l ses  -- 
10 Hz Cd 1.0 g peak  
30 Hz @ 40.0 g peak  
800 Hz @ 60.0 g peak  
2000 Hz @ 150 g peak  
Steady-s ta te  random vibration amplitudes-R4: 
20 - 150 Hz @ 0.007 ( g  r r n ~ ) ~ / ~ z  
150 - 230 Hz @ +7.03 dB/oct  
230 - 250 Hz G 0.019 ( g  r r n ~ ) ~ / ~ z  
250 - 270 Hz O t10.73 dB Ioct 
270 - 290 Hz @ 0.C25 (g  r m ~ ) ~ / ~ z  
290 - 430 Hz @ -5.61 dB/oct  
430 - 540 Hz @ 0.012 ( g  r m s ) ? i d z  
540 - 700 Hz @ +13.97 dBioc t  
700 - 820 Hz @ 0.04 ( g  r r n s ) 2 / ~ z  
820 - 910 Hz @ t2 .76  dB/oc t  
910 - 1100 Hz @ 0.044 (g r m ~ ) ~ / ~ z  
1100 - 1140 Hz @ -16.91 dB/oct  
1140 - 1180 Hz @ 0.036 ( g  r m s ) 2 / ~ z  
l l e 9  - 1320 HZ @ +10.88 dB / O C ~  
1320 - 1380 Hz @ 0.054 (g r m ~ ) ~ / H z  
1380 - 1420 Hz @ t40.08 dB/oc t  
1420 - 1490 Hz @ 0.079 (g r r n ~ ) ~ / H z  
1490 - 1510 Hz @ -65.90 dB/oc t  
1510 - 1540 Hz @ 0.059 ( g  r m ~ ) ~ / ~ z  
1540 - 1800 Hz @ t43.08 dB Ioct 
1800 - 2000 Hz @ 0.55 ( g  r m ~ ) ~ / ~ z  
Random composite re fe rence  level = 14.84 g rms 
Superimposed s teady-s ta te  sinusoids-R4: 
Sinusoidal dwells of 2.0 g rrns a t  500 Hz, 2.5 g rrns a t  600 Hz,  1 . 3  g rms  a t  1000 Hz,  
a n d  4.9 g rrns a t  ?000 Hz fo r  6.5 h r .  
Sinusoidal sweeps  of 2.5 g rms from 350 Hz t o  1040 Hz t o  340 H z  a t  300 Hzlmin a n d  
- 4.9 g rms from 1400 Hz t o  2C00 Hz to  1400 Hz a t  600 Hzlrnic f o r  1.0 h r .  
Total composite level = 16.01 g rrns 
* 
SECTION 111. ACOUSTIC TEST ENVIRONMENT 
SECTION IV . INDEX OF SPECIFICATIONS 
Page 
VIBRATION AND SHOCK SPECIFICATIONS 
Zone A Cembus:ion chamber (MCC) . the injector. the dome. :he 
igniter and auxiliary spark iglliter (ASI) chamber ............... 4-1  
Zone A-1 Main combustion chamber (MCC) PC of f sd  mount ................. 4-5 
Zone B MCC throat to nozzle attach point. the engine controller .......... 4-9 
Zone B- 1 Flight acce1e~'ometer safety cutoff system (FASCOS) ............... 4-12 
Zone C Thrust chamber nozzle and the zr:@nc: attach point 
for the heat shield ............................................. 4-15 
.................... Zone D 0xid:zer PrebbLner (OPB) and the OPB igniter 4-17 
Zone E Fuel Preburner (FPB) and the fuel preburner igniter ............. 4-19 
Zone F Low-pressure oxidizer turbopump (LPOTP) ........................ 4-21 
Zone F-1 Low-pressure oxidizer turbopump (LPOI'P) low net positive 
suction pressure (NPSP) and 24 NPSP ............................. 4-23 
Zone F- 2 LPOTP discharge duct flex joint .................................. 4-25 
Zone G High-pressure o ~ i d i z e r  turbopump (HYOTP) a ~ d  the 
............................................... hPOTP boost pump 4-32 
Zone G-1 Heat Exchanger ................................................... 4-33 
Zone G-2 Oxidizer tank pressure duct flex joint ............................. 4-35 
Zone H Low-Pressure fuel turbopurnp (LPFTP) ............................ 4-39 
Zone H - 1  LPFTP inlet flange low net pusitive suction pressure 
(4-15 NPSF) ..................................................... 4-43 
Zone H - 2  LPFTP discharge duct flange .................................... 4-45 
Zone H-3 LPFTP turbine flanges ........................................... 4-47 
Zone H-4 LPFTP turbine discharge duct flex joint .......................... 4-49 
Zone H-5 Low pressure fuel pump (LPFP) discha ge duct flex joint ......... 4-53 
Zone I High-pressure fuel turbopump (HPFTP) ..................... .. ... 4-57 
Zone 1-1 Fuel flowmeter .................................................... 4-55 
VIBRATlONS AND SHOCK SPECIFICATIONS (Cont.) 
........................................... Zone J Main fuel valve (MFV) 
Zone J-1 Main fuel valve (MFV) actuator neck .............................. 
Zoce K Main Oxidizer valve (MOV) ....................................... 
Zone K-1 Main Oxidizer valve (MOV) actuator neck ........................ 
Zone L Pneumatic control assembly (PCA) ................................ 
Zone M Chamber coolant valve (CCV) and coolant control valve 
actuator neck .................................................... 
Zone N Fuel preburner oxidizer valve (FPOV) ............................ 
Zone N - 1  Fuel preburner oxidizer valve (FPOV) actuator ................... 
Zone 0 Oxidizer preburner oxidizer valve (OPOV) ........................ 
Zone 0-1 Oxidizer prebwner oxidizer valve (OYOV) acatuator neck ......... 
Zone P Oxidizer bleed ~ d v e  (OBV) and the fuel bleed valve (FBV) ...... 
Zone P-1 Fuel bleed duct flex joint ........................................ 
Zone Q Vehicle attach saints for customer connect lines .................. 
Zone R Pressure sensor ................................................. 
Zone S Anti-flood valve (AFV) ........................................... 
Zone T Check valvi ..................................................... 
Zor,e U POGO accumulator and recirculation isolation valve (Rl'.') ......... 
Zone U-1 Helium precharge assembly (HPA) and gaseous oxygen 
control assembly (GCA) .......................................... 
..................................... Zone V Turbine temperature sensors 








TRANSPORTATION AND HANDLING 
TABLE OF CONTENTS 
Page 
SECTION I .  Transportation sr?d Handling Test Requirements and 
.................................................. Procedures. 5-1 
................................. SECTION 11. Transportation Specifications 5-3 
....................................... SECTION 111. Handling Specifications 5-6 
SECTION I .  TRANSPORTATION AND HANDLING TEST 
REQLIREMENTS AND PROCEDURES 
Trilnsportatjon and handling specifications should be used for designing :!np 
testing component shipping containers . These specifications should not influence 
component design, but should provide information for shipping container design to 
ensure that the vibration amplitudes transmitted to the component do not exceed the 
design amplitudes. 
A.  Transportation 
Transportation specifications are generally presented a s  amplitudes in G ' s  peak 
for sinusoidal sweep tests. Components should be monitored for resonance ; dwell 
tests of 15 min each are required at each major resonance as noted during the sweep. 
If a component is shipped by rail, a shock test will be required to represent the 
train humping conditions. Any shock pulse may be used that results in a spectrum 
at least a s  severe ss that specified. 
Transportation tests may be eliminated if proof of adequate coaponent protec- 
?ion can be provided. 
B .  Handling 
Handling specifications are required to account for typical conditions that occur 
during loading or unloading operations. Tests for these conditions consist of 
numerous container drops from various orientations of the container. 
Handling tests may be eliminated if  proof of adequate component protection can 
be prox7ided. 
SECTION 11. TRANSPORTATION SPEC11 ICATIONS 
A .  Vibration 
Vibration test frequencies should be swept logarithmically from 5 k:z to the 
maximum frequec.cy and back to 5 Hz at 1 octlmin in each of three mutually perpen- 
dicular axes. Criteria below 5 :-Iz are for design consideration only, and no t ~ s t  is 
requi~ed.  A 15 ninute dwell is required at each major component resonance at 
the amplitude specified for the sweep test. 
1. Aircraft 
Jet (5-200-5 Hz @ 1 octlrnin) 
5 - 10 Hz @ 0.05:L in. D. A .  Disp. 
10 - 35 Hz 4 0.11 G f s  peak 
35 - 200 Hz @ 3.0017 in. D. A .  Disp. 
200 - 2000 F-z i? 3.5 G1s peak 
Propeller (5--700-5 Hz @ 1 oct /min) 
- 4 Hz @ 0.42 in. D. A. Disp.* 
- 5 Hz @0.35Gfspeak* 
- 12 i-Iz @ 0.35 G's peak 
12 - 55 Hz @ 0.046 in. D. A. Disp. 
55 - 300 Hz @ 7.0 G1s peak 
290 - 700 Hz @ 3.5 G1s peak 
a Helicopter (5-600-5 Hz @ 1 octlmin) 
5 - 12 Hz @ 0.22 in. D. A. Disp. 
12 - 40 Hz @ 1.6 G1s peak 
40 - 55 Hz @ 0.019 in. D. A. Disp. 
55 - 120 Hz @ 3.0 G1s peak 
120 - 170 Hz @ 0.0040 in. D. A. Disp. 
170 - 220 Hz @ 6.0 G's peak 
220 - 260 Hz @ 0.0024 in. D. A. Disp. 
260 - 600 Hz @ 8.0 G1s peak 
* Design Criteria Only - no test required. 
2. Trucks 
a Smooth Paved Roads (5- 300-5 H z  @ 1 oct Imin) 
1 - 4 H z  @ 0.43 in. D. A.  Disp.* 
4 -  5 H z @ 0 . 3 5 G 1 s p e a k *  
5 - 150 Hz @ 0.35 G ' s  peak 
150 - 300 H z  @ 0.06 G ' s  peak 
All Road Conditions (5-1000-5 Hz @ 1 octlmin; 
1 - 7 Hz @ 1.7 G ' s  peak* 
7 -  1 5 H z  @ 1 . 7 G 1 s p e a k  
15 - 1000 Hz (4 0.7 G ' s  peak 
3. Trains 
Normal Railroad Operations (5- ?(@30-5 Hz @ 1 oc t~min)  
2 - 3 H z  @ 2.6 in. D. A .  Disp.* 
3 - 6 Hz 3 1 . 2  C'r pealr* 
6 - i30  Hz @ 1.2 G's peak 
130 - 185 Hz @ 0.0014 in. D. A .  Disp. 
lb5 - 2000 Iiz @ 2.5 G ' s  peak 
4. Ships 
a Normal Maneuvers (5-300-5 Hz @ 1 oct Imin) 
0.1 - 0.3 Hz @ 0.35 G ' s  peak* 
0 . 3 -  1.5 Hz @ 0.35G's peak* 
1.5 - 4 H z  @ 0.10 G ' s  peak* 
4 - 5 Hz @ 0.12 in. D. A .  Disp.* 
5 -- 11 Hz @ 0.12 in. D .  A .  Disp. 
11 - 300 Hz @ 0.75 G's peak 
B .  Shock 
Shock tests  should be conducted by applying five shocks in each of three 
rnutuallj perpendicular axes (15 shocks total). Any shock pulse that results in a 
spectrum as  severe a s  that presented below will be acceptable. The spectrum is 
based cn t>e response 5f an undamped series of single-degree-of-freedom spring-mass 
systems. 
1. Railroad 
a 0;. Humping Conditions ( 5  shocks per axis) 
20 - 160 H z  @ +6 dB/oct 
160 - 340 H z  @ 500 G ' s  peak 
340 - 400 H Z  @ -6 dB/oct 
* Design Criteria Only - no test required. 
SECTION 111. HANDLING SPECIFICATIONS 
Where equipment design allows, equipment shall be tested to handling specifica- 
tions as described below. If normal equipment design does not allow this type test- 
ing, the procedures and required protection in handling are to be submitted to MSFC, 
ED23, for approval. 
A.  Transit Drop Test 
This procedurz shall be used for equipment, in its transit or combination case 
as  prepared for field use, to determine if the equipment is capable of withstanding 
the shocks normally induced by loading and unloading of equipment. 
B.  Test Conditions 
The test item shall b? in its transit or  combination case. For equipment 1,000 
Ib or less, the floor or barrier receiving the impact shall be of solid, 2-in. thick 
plywood, backed by either concrete or a rigid steel frame. Fgr equipment over 
1,000 lb, the floor or barrier shall be concrete or equivalent. 
C .  Performance of Test 
Subject the test item to the number and heights of drop as required in Table 
XI. Upon completion of the test ,  the test item shall be operated and the results 
compared with the dats obtained in accordance with the following: 
Prior to proceeding with any of the test methods, the test item shall be 
operated under standard ambient conditions and a record made of all data neces-ary 
to determine compliance with required performance. These data shall provide th 
criteria for checking satisfactory performance of the test item either during, or i 1 
the conclusion of the test ,  or both, as required. Certification by signature and date 
block is required. 
The test item shall then be visually inspected and a record made of any 
damageldeterioration resulting from t3e test. If a test chamber is used for the test ,  
~ e r f o r m  a visual inspection of the test item within the chamber at test conditions, 
when possible. Upon completion of the test ,  visually inspect the test item again after 
the test item has been returned to standard ambient conditions. Deterioration, 
corrosion, or change in tolerance limits or rny internal or external parts which could 
in any manner prevent the test item from meeting operational service or mainter?ance 
requirements shall provide reason to consider the test item as  having failed to with- 
stand the conditions of the test. 
TABLE IX. TRANSIT DROP TEST 
Weight of Test Largest Height of 
Item and Case Dimensions Drop 
(lb) (in. ) Notes (in.) No. of Drops 
Under 100 lb Under 36 A 4 8 Drop on each face, 
Man-packed and edge, and corner. 
Man-portable 36 and over A 3 0 Total of 26 drops 
1 G O  to 200 lb Under 36 A 3 0 Drop on each corner 
Inclusive 
36 and over A 24 
Over 200 to Under A 24 
1,000 lb 36 to 60 R 36 Total of 8 drops 
Inclusive 3ver 60 B 2 4 
Over 1,000 No limit C 18 4 edgewise drops 
2 cornerwise drops 
Note A. Drops shall be made from a quick-release hook; or  drop tester 
a s  made by the L.A.U. Corporation, Skaneateles, New York, 
or  equal. The test item shall be oriented so that upon impact 
a line from the struck corner o r  edge to the center of gravity 
of the case and contents is per~endicular  to the impact surface. 
Note B.  With the longest dimension parallel to the floor, the transit or  
combination case, with the test item within, shall be supported 
at the corner of one end by a block 5 in. in height, and at the 
other corner or edge of the same end by a block 1 2  in.  in height. 
The opposite end of the case shall then be raiszd to the specified 
height at  the lowest unsupported corner and allowed to fall freely. 
Note C .  While in the normal transit position, the case and contents shall 
be subjected to the edgewise and cornerwise drop test as follows 
(if normal transit position is  unknown, the case shall be oriented 
such that the two longest dimensions are parallel to the "floor"). 
1 .  Edgewise Drop Test. One edge of the base of the case shall 
be supported on a sill 5 to 6 in. in height. The opposite 
edge shall be raised to the specified height and allowed to fall 
freely. The test shall be applied once to each edge of the 
base of the case (total of four drops).  
2. Cornerwise Drop Test.  One corner of the base of the case 
shall be supported on a block approximately 5 in. in height. 
A block normally 12 in. in height shall be placed under the 
other corner of the same end. The opposite end of the case 
shall be raised to the specified height at the lowest unsup- 
ported corner and allowed to fall freely. This test shall be 
applied once to each of two diagonally opposite corners of 
the base (total of two cornerwise drops). When the propor- 
tions of width and height of the case are such a s  to cause 
instability in the cornerwise drop test ,  edgewise drops shall 
be substituted. In such instances two more edgewise drops 
on each end shall be performed (four additional edgewise 
drops for a total of eight edgewise drops). 
